TITLE Star Polymer Lubricating Conposition FIELD OF | NVENTI ON

The present invention relates to a |lubricating conposition containing
a a pol ynewestmwlyiasssa star pol yner, an antiwear agent apdr/asmetéceson
i nhibitor. The invention further provides a nethod for lubricating a
mechani cal device using the |ubricating conposition. BACKGROUND OF
THE | NVENTI ON [ 0001] The use of star polyners in lubricating
conpositions is known. The star polynmers known in |ubricating
conpositions are summarised in the prior art bel ow

[ 0002] I nternational Application WO 04/087850 di scl oses | ubricating
conpositions containing block copol yned$TIEepar ed from RAFT
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frictional properties. The bl ockFIEIg® DFRIVIERYIdM@Ve di - Dbl ock,
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Application UsQ03 9§§ﬂ6§g”9%%%hﬁﬁﬁﬁﬂ tar polyners derived from (i) a

core portion conprising a (meth) acrylic nonomer, oligoner
or polyner thereof or a polBAGK&EROWND @OF THIHMNYERTION nononer,

ol i gonmer or p reof: and (ii) at, least two a
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fron1acryI|c acrylic nononers. The polyners have a core or
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Further the polyners have nol ecul'ar wei ghts and ot her sica

char act eri st i eaynpositions containing block copolymers prepared from RXFT (Reversible
Addition Fragmentation Transfer) or ATRP (Atom Transfer Radical
Polymerisation) polymerisation processes. The polymers have frictional
properties. The block copolymer may have di-block, tri-block, multi-block,
comb and/or star architecture. However, no guidance is given on methods
suitable to prepare star copolymers. Also disclosed are polymers suitable for
greases, motor oils, gearbox oils, turbine oils, hydraulic fluids, pump oils, heat
transfer oils, insulation oils, cutting oils and cylinder oils.
[0003]  US Patent Application USOS/038146 discloses star polymers derived
from (i) a core portion comprising a polyvalent (meth) acrylic monomer,
oligomer or polymer thereof or a polyvalent divinyl non-acrylic monomer,
oligomer or polymer thereof; and (ii} at least two arms of polymerized alkyl
(meth)acrylate ester. The polymers may be prepared by RAFT, ATRP or
nitroxide mediated techniques.
[0004]  International Application WO 96/23012 discloses star-branched
polymers prepared from acrylic or methacrylic monomers. The polymers have
a core or nucleus derived from acrylate or methacrylate esters of polyols.

Further the polymers have molecular weights and other physical characteristics



t hat make them useful for lubricating oil conpositions. The
star-branched pol ymers di scl osed are prepared by anionic
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treatment level whilst maintaining the appropriate lubricating performance for a
mechanical device, such as hydraulic systems.
[0008] In view of the prior art it would be advantageous to have a
lubricating composition containing a polymer that is capable of providing
acceptable viscosity index (VI), oil blend thickening capabilities, shear
stability, good low temperature viscosity performance, and low viscosity
modifier treatment level whilst maintaining the appropriate lubricating
performance for a mechanical device.
[6009]  The present invention provides a lubricating composition capable of
providing acceptable viscosity index (VI), oil blend thickening capabilities,
shear stability, good low temperature viscosity performance, and low viscosity
modifier treatment level whilst maintaining the appropriate Ilubricating
performance for a mechanical device.

[0010] The prior art references, specifically WO 96/23012 and US

5,070,131 employ anionic polymerisation techniques to prepare the polymer.



5,070, 131 enpl oy ani oni c polymerisation techniques to prepare the
pol ymer. Ani oni ¢ pol yneri sation techni ques are believed to involve
conpl ex pr ee@smes27tdzat require systens to be substanti abtyus2007/066950
wat er-free, acid-free, oxygen-free, dry, clean, and have

non- cont am nated vessels. In one particular enbodinment it would be
advant ageous to have a | ubricating conposition that does not require
a polyner prepared with conpl ex processes that require oxygen-free,
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[0012] I n one enbodiment the invention provides a |ubricating o
conposi ti on ceMpPesstigiycontains a pglamenbimytdogs 0ol reqyirghvaparaiorby Bnisia
polymer with (i wel ge nol ecul ar wei ght of about 120, 000
to about 700, %%?ggﬁghgh%?ﬁgﬁéﬁéar stability index of about 30 to
about 60; (b) an anti SEMMARSHOF THE INVENTION corrosi on

| nhi bi tor; [0011] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

{(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0012] In one embodiment the invention provides a lubricating composition
comprising:

{a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) an antiwear agent;

(c) a corrosion inhibitor;

(d) a detergent; and

(¢) an oil of lubricating viscosity.

[0013]  In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) about 0.0001 wt % to about 5 wt % of an antiwear agent;
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(d) a detergent; and (c) an oil of lubricating viscosity. [0013]In
one enbodi ment the invention provides a |ubricating conposition

conpri Si NOwo 2007127668 @) about 0. 001 to about 15 wt % of prrAGhWARE W t h
(i) a weight average nol ecul ar wei ght of about 120,000 to about

700, 000; and (ii) a shear stability index of about 30 to about 60;
(b) about 0.0001 Wt %to about 5 wt % of an antiwear agent;
(c) 0.0001 Wt %to about 5 Wt % of a corrosion inhibitor; (d) about O
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[06014] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture;

(b) an antiwear agent;

{(c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0015] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture;

(b) an antiwear agent;

(c) a corrosion inhibitor;

(d) a detergent; and

(e) an oil of lubricating viscosity.

[0016] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with a weight average
molecular weight of about 50,000 to about 1,000,000, wherein the polymer has
radial or star architecture;

(b) an antiwear agent;

(c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0017] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture,

(b) an antiwear agent;

(¢) a corrosion inhibitor;



(c) a corrosion inhibitor; and (d) an oil of lubricating

vi scosity.

[ 0015] I n one enbodi ment the invention provides a

| ubri cati ngve ompessdsi on conpri si ng: (a) about 0. e8iuEHopkrasky
15w %of a polymer with radial or star architecture; (b) an
anti wear agent; (c) a corrosion inhibitor; (d) a

det ergent;

and (e) an oil of lubricating viscosity. [0016]In

one enbodi nent the invention provides a lubricating conposition

conpri si ng:
a wei ght average

£ 001 to about 15 wt % of a polymer wth
dﬁ%@a %\A%‘Qd ht of about 50,000 to about 1,000, 000,
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0018] In one embodiment the invention provides a lubricating composition
comprising:

(a) about 0.001 to about 15 wt % of a polymer with a weight average
molecular weight of about 30,000 to about 1,000,000, wherein the polymer has
radial or star architecture;

(b) an antiwear agent;

(c) a corrosion inhibitor;

(d) a detergent; and

(e) an oil of lubricating viscosity.

[0019] In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device comprises at least one
of an internal combustion engine, a hydraulic system, a turbine system, a
circulating oil system, or an industrial oil system a gear, a gearbox or a
transmission, and wherein the lubricating composition comprises:

{a) about 0.001 to about 15 wt % of a polymer with (i) a weight average
molecular weight of about 120,000 to about 700,000; and (ii) a shear stability index
of about 30 to about 60;

(b) an antiwear agent;

(c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0020] In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device comprises at least one
of an internal combustion engine, a hydraulic system, a turbine system, a
circulating oil system, or an industrial oil system, a gear, a gearbox or a
transmission, and wherein the lubricating composition comprises:

(a) about 0.001 to about 15 wt % of a polymer with radial or star
architecture;

(b} an antiwear agent;



(c) a corrosion inhibitor; and (d) an oil of lubricating
viscosity. [0017]In one enbodi ment the invention provides a

| ubri cat i ngoGeAeRLE | on conpri si ng: (a) about O0.pRQ4shé7ab04it
15w %of a polymer with radial or star architecture; (b) an

anti wear agent; (c) a corrosion inhibitor; (d) a detergent;
and (e) an oil of lubricating viscosity. [0018]1n one enbodi ment the
I nvention provides a |ubricating conposition conprising: (a)
about 0.001 to abg%t 15 w 9%8% a glyner with a weight average

mol ecul ar wei ght Of B8R OB8GY8">#8% about 1, 000, 000, wherein t he

pol ymer has radi alidyam ositcdnubicatvig@absitye;
[0021] In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device comprises at least one
of an internal combustion engine, a hydraulic system, a turbine system, a
circulating oil system, or an industrial oil system, a gear, a gearbox or a
transmission, and wherein the lubricating composition comprises:

(a) about 0.001 to about 15 wt % of a polymer with a weight average
molecular weight of about 50,000 to about 1,000,000, wherein the polymer has
radial or star architecture;

(b) an antiwear agent;

(¢) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0022]  In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device is hydraulic system,
and wherein the lubricating composition comprises:

(a) a polymer derived from about 20 wt % or more of a mono-vinyl
monomer, wherein the polymer is present at about 0.001 to about 15 wt % of the
lubricating composition, wherein the polymer has (i) a weight average molecular
weight of about 120,000 to about 700,000; and (ii) a shear stability index of about
30 to about 60;

(b) an antiwear agent;

(c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

[0023]  In one embodiment the invention provides a method for lubricating a
mechanical device comprising a supplying to the mechanical device a
lubricating composition, wherein the mechanical device is a hydraulic system,

and wherein the lubricating composition comprises:



(b) an antiwear agent; (c) a corrosion inhibitor; (d) a
det ergent; and (e) an oil of lubricating viscosity. [0019]In
one enbodi mamtoot/Eessnventi on provi des a nmethod for | ubrpecatusngri@soso
mechani cal device conprising a supplying to the nechani cal device a

| ubricating conposition, wherein the nmechanical device conprises at

| east one of an internal conbustion engine, a hydraulic system a
turbine system a circulating oil system or an industrial oil system
a gear, a gearbox r L SSi.9n, 0 rel Wbr i '
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i nhibitor; and (b) an behweanagint; of |ubricating viscosity. [0020]1n
one enbodi ment the invention provides a nethod for lubricating a
mechani cal devi ce CORPPFEIRGULERFpHIYi ng to the mechanical device a

| ubricating conpos{dg 9Bl oMASFiGiRe W RBogpChani cal device conprises at
| east one of an in '

ernal conbustion engine, a hydraulic system a
turbi ne system a circURRIAHERDESHRIP ﬁ@NrQF,ﬂﬁMM oi |
system a geafypady 9€ o) ; 1.SSEQn, . rej .
| ubricating c Or(r)pogi t??)lg 8%} ﬁggémi%%&?aﬁ qgg%%ﬁé. E%Rf"{&gtl%”béﬂ? 45
w % of a pol yetodiot lubriegimg a meclstmar! dedbd $edscosd above. (b) an

ant 1 wear agenﬁél mer

[0025] As used herein terms such as “the polymer has (or contains)

monomers composed of” means the polymer comprises units derived from the
particular monomer referred to.

[0026] In different embodiments the polymer may contain about 20 wt % or
more, or greater than 50 wt %, or about 55 wt % or more, or about 70 wt % or
more, or about 90 wt % or more, or about 95 wt % or more, or about 100 wt % of a
non-diene monomer (that is to say, non-diene monomer units or units derived from
polymerisation of one of more non-diene monomers). Examples of diene monomers
include 1,3-butadiene or isoprene. Examples of a non-diene or mono-vinyl
monomer include styrene, methacrylates, or acrylates,

[0027]  In one embodiment the polymer may be derived from about 20 wt % or
more of a mono-vinyl monomer, wherein the polymer has a weight average
molecular weight of about 50,000 to about 1,000,000, and wherein the polymer has
radial or star architecture.

[0028]  When the polymer is a radial or star polymer, the amount of mono-vinyl
monomer as described above refers only to the composition of the polymeric arms,
1.e., the wt % values as given are exclusive of any di-functional (or higher) monomer
found in a polymer core.

[0029] As described hereinafter the molecular weight of the viscosity
modifier has been determined using known methods, such as GPC analysis
using polystyrene standards. Methods for determining molecular weights of

polymers are well known. The methods are described for instance: (i) P.J. Flory,



(c) a corrosion inhibitor; and (d) an oil of lubricating viscosity.
[0021] I n one enbodi ment the invention provides a method for

| ubri cati ngoagaehesi cal device conprising a supplying pegaish@ri066950
mechani cal device a |ubricating conposition, wherein the nechani cal

device conprises at |east one of an inter nal conbustion engi ne, a
hydraulic system a turbine system a circulating oil system or an
I ndustrial oil system a gear, a gear box or a transm ssion, and
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provides a nefrhegutfoobubrabe@t 1,060,600, or about 100,000 to about 800,000, or about
120,000 to about 700,000.
[0031] As used herein the shear stability index (SSI) may be determined by a 20
hour KRL test (Volkswagen Tapered Bearing Roller Test). The test procedure is set
out in both CEC-L-45-A-99 and DIN 51350-6-KRL/C. The polymer SSI may be in
the range of about 20 to about 90, or about 15 to about 75, or about 30 to about 60.
[0032] In different embodiments the polymer may have a weight average
molecular weight of about 50,000 to about 1,000,000 and a SSI of about 10 to about
100, or about 20 to about 90; or the polymer may have a weight average molecular
weight of about 100,000 to about 800,000 and a SSI of about 15 to about 75; or the
polymer may have a weight average molecular weight of about 120,000 to about
700,000 and a SSI of about 30 to about 60.
[0033] The polymer may be a homopolymer or a copolymer. In one
embodiment the polymer is a copolymer. The polymer may have a branched, a
comb-like, a radial or a star architecture. In one embodiment the polymer may
be a radial or star polymer, or mixtures thereof. The polymer may be a polymer
having a random, tapered, di-block, tri-block or multi-block architecture.
Typically the polymer has random or tapered architecture.
[0034] When the polymer has branched, comb-like, radial or star
architecture, the polymer has polymeric arms. For such materials, the
polymeric arms may have block architecture, or hetero architecture, or tapered

block architecture. Tapered-arm architecture has a variable composition across



mechani cal device conprising a supplying to the mechanical device a
| ubricating conposition, wherein the nmechanical device is a hydraulic

system anavovhet/gi7tsst he | ubricating conposition conpri SE8T/US2007/066950
(a) about 0.001 to about 15 wt % of a polyner with a wei ght average
nol ecul ar wei ght of about 50,000 to about 1,000,000, wherein the
pol ynmer has radial or star architecture; (b) an antiwear
agent ; (c) a corrosion inhibitor; and (d) an oil of
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be derived f r?[prk?li%lé) (%Leore\{%afté% Qerferred to as Hsieh et al.).

[0036] The hetero-arm, or “mikto-arm,” polymeric arm architecture
typically contains arms which may vary from one another either in molecular
weight, composition, or both, as defined in Hsieh et al., cited above. For
example, a portion of the arms of a given polymer may be of one polymeric
type and a portion of a second polymeric type. More complex hetero-arm
polymers may be formed by combining portions of three or more polymeric
arms with a coupling agent.

[0037]  When the polymer has radial or star architecture the polymeric arms
may be chemically bonded to a core portion. The core portion may be a
polyvalent (meth) acrylic monomer, oligomer, polymer, or copolymer thereof,
or a polyvalent divinyl non-acrylic monomer, oligomer polymer, or copolymer
thereof. In one embodiment the polyvalent divinyl non-acrylic monomer is
divinyl benzene. In one embodiment the polyvalent (meth)acrylic monomer is
an acrylate or methacrylate ester of a polyol or a methacrylamide of a
polyamine, such as an amide of a polyamine, for instance a methacrylamide or
an acrylamide. In different embodiments the polyvalent (meth)acrylic
monomer is (i) a condensation reaction product of an acrylic or methacrylic
acid with a polyol or (ii} a condensation reaction product of an acrylic or
methacrylic acid with a polyamine.

{0038]  The polyol which may be condensed with the acrylic or methacrylic
acid in different embodiments may contain about 2 to about 20, or about 3 to

about 15, or about 4 to about 12 carbon atoms; and the number of hydroxyl



nore of a nono-vinyl nononmer, wherein the polynmer has a wei ght
aver age nol ecul ar wei ght of about 50,000 to about 1,000, 000, and

wher ei n t RggpQhMIREs has radial or star architecture. [ @PZ23kMbensbfe
polymer is a radial or star polynmer, the anount of nono-vinyl nononer

as descri bed above refers only to the conposition of the polyneric
arms, i.e., the wt %val ues as given are exclusive of any
di -functional (or higher) nononer found in a polyner core. [0029]As

descri bed herei nafter the | ecu] ar ight. of the yviscosity nodifi.er
s beon det EFHPRGTE! ARy IRt et aest 0ndh “RER S 5 9L LRl 25
po: ystyrene ﬂxailnig&rskdﬁf. pdV?csTIEQﬂduddﬁété@&herg]jémjl,ngqlgtﬂg&?wnarglyaﬂghraﬂqa?é)
polyners are nown. e net hods are descri or .1 nst ance: |
P.J. Flory, d}‘(ﬁ?iﬁtﬁhplaéslé"rh%P%rdI@hé’ﬁ érﬂ‘_?i_;?" §u%o,aﬁe|tr|1mgiﬁy@%9r§pﬂ?,
Press 91953) oiigilﬁ&lti&rd erﬂethﬁ@lp?cﬁ)@n%l@ghQ{s ﬁdit&m@&fﬁ%&ﬂﬂ@'s@ﬁuﬁfﬁersﬁﬁp

I ntroduction to Polyner Science”, F. A Bovey an . H W nsl ow,

Edi tors, Acadefots. Priz¢gsnplasopdpolygpingsigizle palyylplgnemlgminghsudeiaght
aver age and r .ght av ) ecul af; i t he

of “the i nvent e A, BKEHAAROIPHEE, Ahchf|cabkhaing, JoreRARITRES,
cor r espondi ngetteminee ppuhgthelendfextmmei andemikivuges thekeo€h is normal ly the

maj or high | ar. wei ght peak, excl.,udin ea ssociated with

G et s mUOERY, SERE, aP SR i rr RS RERER AR PREE RS b e

L A e AR e i e
. . | V . |

pol ymer may @Q@ﬁ g%gyfaéﬁgﬁ%ﬂaﬁ%ugl%@, cf%@ef cLylalicn g?ymi, o@%ﬁrﬂaﬁ

about 100, Ooglfc@rcﬁhﬂu& B0, RMitoP hepherilatd 20-c008héanadiel HiaéRPat009,4-

[ 0031] As used herein tﬁe shear stability index (SSI) may

. ! be i
det erm ned byenzenedipbyudimathacrdaie, (RRNASTAGE TofracetaiBeal-Srigorieiof
Test). The t cedu | ty: i th . = A5 A=
51350- 6- KRL/ g%?ﬁgé@pgi%ﬁ@ R RE %139%‘3&1?}?%3 hﬂ['e15 ra é%eso?“dé\g%ﬁa@%at?é o o
about 90, or pabethylens talyeboue! 7Boleorlanbwateh80abayt aBt tee0abouf OGER)]

In different ' t he ma el . age

nmol ecul ar vveipgﬁg%ggf) [ng%%?logo, %@%X%{eaboﬁteg%?é%ﬁlt%ogg}ﬁ%&gﬁ Slg o]f’l’l""
ﬁbout 10 jtohftﬁ)maﬂlytkﬁ@-ppm'lre atrrfmtyl:%,_ tﬁimh?ythg@ﬂé dig%@lgge,p?iepmryt?ﬁyoi
ave a wei .aver age no] ecul ar, wei abou abou

800, 000 and OSSN o ASBRETET dE “91%}?’ 0 “?‘H‘ée‘b%l ﬁ%ﬁ’?néﬁ‘*‘%\??’a
vei ght aver ageetiplese Ulgsol Wairgfihacdflagboull, 1120x i olpeorRiae Utrin{@RadPlateand
a SSI of about 30 to about 60. [0033]The pol¥ner_nay_be a honopol yner
or a copol ynéfxengihyarediph iachEnte Chehpompiipfenedio) dipdhsmplpte prean

pol ymer may Ray€nR vi-aRGhRdryl@nkeb-1ike, a radial or a star
architecture. I'n one enbodi rent the polynmer may be a radial or star

Po |n y (r)nranr o erﬁ@%%r esThetpenosnt ofmedyvsisnt eaiplingpgese may | aprastounhsitable do
. - C - .= L
P @ﬁ%’éqey ou@kr% df ’po%& Eﬁleglﬁbﬁflg%ﬂéeﬁ%llgh as P ok E&ﬁﬁﬁgu?g the

Typically th as‘'r architecture.
coupling agent in monomeric, oligomeric, or polymeric form, to provide a star

polymer. As described above, suitable amounts may be determined readily by the
person skilled in the art with minimal experimentation, even though several
variables may be involved. For example, if an excessive amount of coupling agent
1s employed, or if excessive unreacted monomer from the formation of the
polymeric arms remains in the system, crosslinking rather than star formation may
occur, Typically the mole ratio of polymer arms to coupling agent may be about
50:1 to about 1.5:1 (or 1:1), or about 30:1 to about 2:1, or about 10:1 to about 3:1, or
about 7:1 to about 4:1, or about 4:1 to about 1:1. In other embodiments the mole

ratio of polymer arms to coupling agent may be about 50:1 to about 0.5:1, or about
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[ 0034] When t he pol ymer has branched, conb-1ike, radial or star
architecture, the polymer has polyneric arnms. For such materials, the

pol yneri c aravsoomysedzave bl ock architecture, or hetero apehivk®6issesn
or tapered block architecture. Tapered-armarchitecture has a

vari abl e conposition across the length of a polynmer arm For
exanple, the tapered arm may be conposed of, at one end, a relatively
pure first nmonomer and, at the other end, a relatively pure second

monorer. The gj.dd) F]bog’% i Tﬁre %%g} j{/?rér bt 9 ?r%rd%ﬂie%@gﬁr§%EP§§%n bt 9udld

the two m)norrers erive roma

typi cal |y conteataks zmnacmunnﬁreelepgthwfehe amms leﬂge]i viedh §mmmmolaratmg)be
nmononmers in block. structure wthi q}? ﬁ g\ A or.e detal1
description of “HHeegFBEK? 8 R8I IRAB 3G eréﬁﬁi)t yPiga y(6’6 majgral prenared
" Ani oni ¢ Pol y ol ahdd in0dh 0iP6f NGtiphtesy ARhsiyact i cal Applications” by
Henry Hsi eh and Roderic Quirk éMarceI Dekker, Inc, New York, 1996)
(herei naf ter O} odn tancagmbriiknbthe Pojymerpn3BPTIE Hist BOI3MSF havera

‘mkto-arm " pokYBEL# %r%@m@hblt g&d L&%&M ¢k 1¥%sCONLRLNS . 6 MRsIHED
may vary from one anot%er either 1n nolecular welght, conposition, or

both, as defi Hethnpey #epubH ¢e ahput 1 aednedsoned. before eacamlpbe stag milsfmﬁon
of the ar ims Oforﬁlaggﬁf & &P lu}{ p{é@}ﬁnﬁf/bcﬂl c?&e ﬁ%&l)%%ﬁgﬁ Gnd YREf Oﬁi}?{%?rs

portion of a second pol ymeric re co ero-arm
may be f or medcdaypasttida, ningh pmﬂmde@rthe @bly&airﬁraeltlolradqﬂrm pot yrohite@uml hes

with a couplin ent Q037] V\henthe s radial .gr star
architecture ?‘%@g%{’)‘?r§ﬁ§ék‘f% rHRO fidy O ]élgg‘ﬁyWPéaa}I‘? tribSHEEd ﬂt? @HE’(SI?IeOT
portion. The Gigher Iﬂ@ftltlblﬁfbnmﬂry the @zem Bét cdiPédion Gk YbdlieveDRENEE |
ol i goner, pol yner, or copol yrer th or a pol yval ent_ divinyl
non-acrylic nBEHBPr]él” dugtg WFS%W’ F“’Y“&ﬁ a‘E‘Bb‘Hﬁ?ﬁé‘PCQ%‘?‘EBQIYmFﬁCWES

enbodi ment  t hg, pel Nﬂé%hﬁl@& rgdl)ﬂ Y4ty Aefsvdr s@ar%fb%oubﬁn@fdﬂﬂ%}z{'as the
benzene. In one enbodi nent the pol yvarent nmet h)acryli ¢ nononmer 1s an

acryl ate or nﬁQlﬁﬁléHﬁllﬁﬁléﬁf@ist er of a polyol or a nethacrylamde of a

20 yam D Suflgap MEBL sy o BOLISHIRS 1S ATSIBIGE By o

nmet hacryl am d an acryla erent
pol yval ent (nmah)thm ylso dlamnmmmphi:ds p()]y)nemccarnﬁeprsm dalse gafeticdrio as a

Droduct of a5t B TRARSPH A2t Kb e AL o e,
a pol yanine. {Ha038] Mdéal polsye ipolmhahmimpye %le@ﬁ%@ﬂsmmt lat 1dasr adetity20 C
oot hacryli g et Lo LA N, Thodl Ient s Iy contal n ahOULIZ. (R
atons; and the pURBKELESt 7Y 08%Yleast about 80%. In one embodiment the conversion
of polymer chain to radial or star polymer may be about 90 %, or about 95 %, or
about 100%. In one embodiment a portion of the polymer chains does not form
a star polymer and remains as a linear polymer. In one embodiment the
polymer is a mixture of (i) a polymer with radial or star architecture, and (ii)
linear polymer chains (also referred to as uncoupled polymeric arms). In
different embodiments the amount of radial or star architecture within the
polymer composition may be about 10 wt % to about 85 wt %, or about 25 wt %
to about 70 wt % of the amount of polymer. In different embodiments the
linear polymer chains may be present at about 15 wt % to about 90 wt %, or
about 30 wt % to about 75 wt % of the amount of polymer.
[0043]  The polymer with branched, comb-like, radial or star architecture

may have 2 or more arms, or about 5 or more arms, or about 7 or more arms, or

11



groups present may be about 2 to about 10, or about 2 to about 4, or
about 2. Exanpl es of polyols include ethylene glycol, poly (ethylene
gl ycol s), @bkafagds9! s such as 1, 6-hexanene di ol or tripplrfiisSiesSHscasy
trimet hyl ol propane, oligonerised trinethyl ol propanes such as
Bolton(r) materials sold by Perstorp Polyols. Exanples of polyam nes
i ncl ude pol yal kyl enepol yam nes such as et hyl enedi am ne,

di ethylenetriamne, triethylenetetram ne, tetraethyl ene pentam ne,

hyl d f EX I f
Dol yval ent - un D PG SE i SES PR TG B ABP T B TATo: 1 oeihatEft o5
di acryl ate, ebbytl Bn® goneab aelﬂnﬁretmcmljnﬁézewuditﬁhﬂmhle&,nemmb Yi¢e) radial or

di acryl ate, diethylene glycal t hacryl ate, gl yc%rol di acryl at e,
gl ycerol tri é&rwﬁtﬂéﬁ%ﬁwtweﬁ QU déP s ar 1%%% SRS AR ‘Eﬂ less, or
di acryl at e, Ja,béut doenzenedisel di nmet hacryl ate, pentaerythritol
tetraacrylate, 1, 3-propanediol diacrylate, pent anedi ol

di met hacr y| atlB044}i s-Her polames nmydbmgﬁa@dmbéﬁi@@i@fmgoay@mﬁyli%éadwal
gl ycol s of i ou

pol ycaprol act Oﬁ%gl oIEltl atggrh?/l @Qe, tagéﬁﬁgté?oyf?%%i%gﬁﬁt r F?&?al %otlyemerisaim&
trinet hyl ol prthhartgletmmlade; We ATFghoaetpkiteimaliatdd amcymas eThe polymer

pentaerythrltol tr| erythritol tetraa | at e

P Techyl ene dryrcdre Bf sl fedionBepbReRib Bk hRbi-RRfinh MbErpeacs one
1,1, 1-trimet h:yﬂmﬂﬁnma;ne polsinigt Mag iyl eitgincdiekiamblhyfremeRAGIT, ATRP or
dlacrylate or hexaneth | enedi ol di net acr | at %T an alkyiene

bi s- (et h) acAPIoRH B8LYPfesHaRTREP A6 Nt (Mo 8@@9 MRt ROBPIPIY BYeRE
may be an a”%fﬂiné‘d%ﬂtﬁﬁhlﬂetf?orﬂr}QXFﬂQ)rCRmRbl Py REri RN RO cREQY T PMDh¥
prepared as arns onto a core conprising the coupling agent in
nononeric, olPPeAEReE, th PIVYKEr MEYT demobiaingd/ekipmebly dtem 3ol RAEF .
As described BﬂMﬁwaﬁ&i#ﬁQ&% anounts may be determned readily by the
per son skiII inthe atrt wth nmininml experinentation, even though
several vari d804d naVetheds nﬁqﬂr%@dmgmlymﬁwrpilm AFRBNRAXTess pitewxide-
A OF SRk RG AISMal s BIPLRAed Oh Hle SRS AT SATL Parens
nmononer fromthe Tormation of the pol'ynmeric ar remndal ns

system cr osApphicatien USOWGBSI%ammlﬂESTm#Btl on may occur. Typically

the nole rati pal yner, ar. t,0o co n be ahout 50:1.to
bbout 15 1 (01 VBT o 48sckibhBns, i, PO R on et e
about 3:1, ofrclak@UWhediskryt @ cﬁbﬁiéﬁed‘lfolc ni@éxidbenddided pbQnbiostionl(Ghaplen
ot her enbodi rrents the nole ratio of gol ynmer arnms to _coupl | ng a%t
may be about 80P28%0%abdats3)sATRIAChastat 11302888 t P 3a kbG8t 29d T FT

about 7:1 to ahgut: ?2 ?ag-EQ%de@'G%ﬁi ihahé @{a‘ﬁﬁyocﬁé §PRQ§10§ﬂPH§jh%glzﬁt@on
take into aCCOl.lnt th e hé ar s, Onger arns soneti nes

tol erating ordited by rﬁrmgsz{ﬁqfﬂéatymwﬁ@ aag&tomaﬁeﬁa Bavos, 12802 apyidished by
Typl cally t thﬁYﬂfe'yaalnd@bﬁgﬂ& @Ef‘e a%%e pO ed f3 a%n‘l\ffét aggevJs# 5t acfaﬁ' ng

viscosity. I'n“one e ynmeric ar e polyner
have a pol ydl[&(p%m Si t];heodhsaissmn of the pbyswr naechaiieomt of LATR8rpdlyssrisation

about 1.5 or for in nce, .abou

boror e 7 adi ait* SPvgy B baast SHER Ras bR T o P ST aBTom TR T 4yne
embodi ment t heactiversthémpallyrmen SePLEI, teaftionwkthemei NCE whepagden872 and
polymer with radial or star architect has pol %/dl spersity with a

bi nodal or hi'gAFEP™ sEhsEe H%PFPB&&?%OPN‘H@W?%H%F & hi gher

di stribution pgyghe verb boReA B0 QRRPS ithdt Ay 1§<—> Qﬁs‘f@ﬂ/&ﬂbyi Qré}ﬁ‘cal
partially due to the presencé of varying anounts of uncoupl ed pol yner

chai ns and/ ormaghewierliedudabilagensr(fiomae hpl@gvhé@@a@rngs@amp%d)swavarmus
coupling for T I r
composi {1 on WAL e HaB LKA Aol oPBREE tnde AN DR PRI, 0o RRLNE®
uncoupl ed polyn®Si &,H1\@96pr es gntragraptso Glefter f&dof oUSs Patept)l @Lppincad:ibai n
or linear poll}ga%mggllge percent age conversion of a polyner chain to
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10 or nore arns, for instance about 12 to about 100, or about 14 to
about 50, or about 16 to about 40 arns. The polynmer with branched,
conb- | i ke, weghhaizigs star architecture may have about 120r/8440%0E950
| ess, or about 80 arns or |ess, or about 60 arns or |ess. [0044] The
pol yner nmay be obtai ned/obtainable froma controlled radical

pol yneri sation techni que. Exanples of a controlled radical

pol yneri sation techni que include RAFT, ATRP or nitroxide nediated

processes. Th y a t ai ned/ o i.na rom ani oni ¢
pol yneri sat i oﬁ"’g?llocg?é%ﬁ@?@%%&%’#%@&?rﬁ%ﬁ‘“% Eél%Bg r@n‘gjrat e %eeuse m
obt ai ned/ obt aATAB w]¥meaiezRAk TncléideRRnay] matiden swchpal profEotosedthdptyrene, -
processes. In _.one enbodi ment t ol r may be.obtai ned/ obt ai nabl e
from RAFT or %?]%Pr T%ri s‘é_f‘i%‘ﬁilg'Pé}é/]gg%es. W’?fﬁl?ﬁ%m% Bt ment't (o~
pol yner may b@oﬁﬁh&&k&&ﬂfeﬁi&n@! naheyif r AdRAFTeR9] Y REmERL | ONbromo-1-
process. [0045] Met hods of preparing pol yners usi nﬁ ATRP, RAFT or

ni troxi de- neklficayEthape A ﬁe@%@ gndeinanes Farhpxyhe asidafpr wtiyes wibih
of US Patent ApphidsehitalH0% J3RIE sudXAmbER 3- GPAETNDG >-
detail ed descri pt iogns of &pol yr#gr?tsat’ imén' mschgfli sﬁ%%mgbiﬁoélgﬁzg’e y
chenistry is dilgongpeehateorethylt Reshilatepropitinatee dngtbiyly RelyroswpiapnonaGhaptder
10, pages 463 y A apter, 11, pages 523 10 62 nd, RAET.
(Chaptor 12, oiafle2 R PORtTr RMH, st E e P el B fron g SRl
Pol yneri zat i otikylediatiéel byicKr 2y stztra¢hldMainettanz e wskionasitetiiteas-vihylethyl

Davis, 2002, bl.i shed .by John W/l ey and .Sons |Inc (herei.nafter . |
referred to a‘ghlgr )?Pgéi‘éWélﬁ ylai{yoﬁl. @)an [}5‘8%?}" d%ﬁ(‘-fgtﬂﬁ’%&fé’gf’ ogf aeide
pol ynmer mechaditesisath TR0l yhRph&aE 498 1S shown on page 524 in

reaction schene_11.1, page 566 reaction scheme 11.4, reaction schene
11,7 on page 89301 re%pp%ﬁ%@ﬁéa@tmh@ dhe palpees rompryng da cilpyed.
scheme 11.9 op,RAGH méral mch'\@t%bgc%E%‘é' prélenl! Thé AAGELN R ldfRnay be in
pol ymeri sati on, grougs that may pe transferred by a radi cal neghanlsn1
i ncl ude hal ogéngornf poansalt.ndhe rensidomtrgtaliin eereblepdunthingra matal-tnsbigand

i gands. A d il . i f b r [.S
deser i ped i n RdaTEleGaHD O o ShAHPIRAAR e fpld GTLRE B e
Appl i cati on UBGSA088I46. coW@iRanh bRMEESBCThEISREO/ 0BEIE@and may be a
[ 0049] Exanpl es, of a hal ogen- cont ai ni conmpound that nay be used in
ATRP pol ymer i BUPEBHOT MOF RIS ERUOR IS such as

p- chl or onet hylpesy)r enBxamsles dforOXyita®e, ligand - @t ridk Ofr@hﬁhﬁﬁﬁ‘osphine, 2,2~
a, a- di br onoxyl ene,. hexaf(d ;iaﬁ%)npnet hyDbenzene, benzyl chl orijde,. .
benzyl br oni diPYHdiBF.orrb i phertyatdhie SuHY 35 cAitofiooHiphay Zcbingrdine,
car boxylic actﬁg(zzdﬁmn\éamym@@immmc R 0al 008l Athnadinf 1R IR 1ARY dhias,
such as propyl 2-bronopiopi onate, net ﬁy1 2-- chl or opr opi onate, et hyl
2- chl or opr opi‘ehdi-€>-naexlingi2-bivridmepr dgibhd d 0-teramethiyltriethylenetetramine

2-br onoi sobutyual &, ASHY1e 1%&‘3%?1}{%“ FarthPr El.g{[’agfregﬁg%iﬁ%gagy e SMbRE e

al kyl halides such as tetrachloronmethane, tri
1-vi nyl et hyl fohlesariple, Iretemiationsl Rakent lappliditioni W, 9addctal Wgeligands may

deri i f. ph hor i id h di hyl ph hor.j
aci o 10050] 115 BRG BRBBHERRR AR ehsREl olErPrEoHBBUNETEG Brpl byt

a containing ligand is employed in the presence of copper. In one embodiment

the ligand is phosphorus-containing with triphenyl phosphine (PPhs) a common
ligand. A suitable transition metal for a triphenyl phosphine ligand includes Rh, Ru,
Fe, Re, Ni or Pd.

[0052] In RAFT polymerisation, chain transfer agents are important. A
more detailed review of suitable chain transfer agents is found in paragraphs 66
to 71 of US Patent Application US05/038146. Examples of a suitable RAFT

chain transfer agent include benzyl 1-(2-pyrrolidinone)carbodithioate, benzyl
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transition nmetal such as copper is also present. The transition netal
may be in the/formof a salt. The transition nmetal is capable of
form ng a\ggbghngﬂsjlgand bond and the ratio of |igandpk@ R&fodhssoso
depends on the dentate nunber of the ligand and the co-ordination
nunber of the netal. The ligand may be a nitrogen or
phosphorus-contai ning Iigand. [0051] Exanpl es of a suitable Iigand

i ncl ude trlphenylphosphlne 2,2- bipyridine, alkyl-2,2-bipyridine,
such as 4, 4- hept pyri di ri.s 2 anlnoe amn
(TREN), N, N, Qﬁenﬁﬁfpﬂé’ﬁ%bé’ﬁﬁ?ﬁ'ﬁbdu et hyF%’%{lW ig ARSI AT

4, 4-di - (5- nony, %)rro@et%r%dﬂtﬁlda@ﬁ ,Ne.cyanobut-2-yl 1pyrrolecarbod1th10ate benzyl 1-
1,1,4, 7 10, 10- hexanmet hyl tri et hyl enet etram_ne

t et r anet hyl etPdespiearhpdifuoatey r Nudrdimetnyapi(- cww%2a’rl>éllf&é§ema@é&
in, for exanp| ﬁhdlleﬂﬁgzﬁ"sfl%hkﬁ“m dll%a&@aasan?aw | c3hhaReNE 971@59 ﬂroha_cm’eg

Ilgands may bé used”i ndi vi or as a mxture. In one odi nen

t he nitrogen C@Mﬂéhqﬁtmg?umygéﬁhlwzsn@nm %@e@ecwhu@h@ybh@s@h@wi@fphemﬁer .
I n one enbodi p i h I
phosphi ne. ( PER -gretiome HRK sy PUGSECRAHES ESMALR Aihdel AN-BARY
triphenyl ph@s@hethexj—caghm@lpm#mabéﬂlﬁmar&matﬁe Redithibbenroied. acid,

0052] I n RAFT I isati h't f i t ant
hore. tetai | ed-IovPRRrERaeR e sy kST aher AP Rt PRGN R

par agr aphs 68ethexychrihylfropal-ghkariigt, Oadth@rs-US0Ed3HB vy kxangk - of
a suitable RAFT chain transfer ag ent i ncl ude benzyl

1- (2- pyrr ol i Gi&RelcarRBoReP A Blé’faélt Yenz{ret Xlls‘ﬁyﬁ@ﬁ?él%dl s i Br

do) car bodi t hieafafudrop IR ORSr Y dankh Y rpib%eyntlmﬁs tstul%ﬂﬁ/;cyczohex 2-
2- cyanobut - 2- yl 1- pyrrol’ecar bodi t hi oate, benzyl 1- 1nm daz

| ecar bodi t hi ¢ae-d:thinse e rhsnexll 38-dithengatplraen-2- wéléhlvﬁpoe% Hasrée.g'-
N, N-di et hyl - %15Q%%¥*edgj-"t%|eﬁﬁenz g‘?ﬁtﬁmcgﬁ’b%ﬂ%gm §3S|' bik: (Q:L?u RSt Aane)

car bodi t hoat e

2- dodecyl sul ph@trwlatﬂdbmmmdgolnsml phahylkyR2S'-(vet fjdubptitoidenit-aoetici abid)-
butyl ester, |, xant ieth

S5 et noxy. APRBNESR G T PR oY st epete-g >
4- chl or odi t hiphberigepe-gci d, dthédteyikeate,( 1- pheanryloatdiiyl) xantdlr&aﬂ)enzoate

8_ gt P\))i: g: E g é,zﬁ%%ﬁv %%%gﬁ@}/%%%bﬁﬁgen lg,)(,g I?3%srz’gno%enz0yith1orm=>thy1)benzc::n«s:

et hyl - S- (2- cyanoprieRalds(MaseeHzb Ak I8 omPthe 1) By zee,CY AROBBR(DYthidntiditgs)- O-
pent af | uor ophenyl - S- benzyl xant hat e,

3-benzyl t hi oPEB2aRERFRpECy c L dferethoxhenyDathylonedighiobuagte,  benzyl
3, 3-di ( benzyldﬁtﬁio@l&ﬁ@petﬁo%ﬂﬁ&nglﬁéﬁﬁ d1§m§iceﬁh§ '2(-(‘3t}§1;=ycarb0nyl)prop 2-yl
di substituted-e-acetic acid)-trithiocarbonat

S, S1-bi s- (a dhthmbsmtq,t ut ed a 2éhéémmthahieay»2fyﬁ| t hi ocar isdhibenzate,

S-al kyl - 1
benzy?/ dit h| 0 nczhg(lgt%gﬁ)&%‘l)éﬁ t({@? h%%?%lbgei)ﬁizna’tl ‘%égE%?ﬁ%th}%ggs 4-
enyl prop-2- yhmmd’"‘“”bdﬂm‘*maﬂe aﬁ*’f’mwedihﬂ!bxﬁpltohphibgmmoammate, tert-
hexaki s(t hi f hi omet h b

onpane: o bi SO oG BSFPHSAG: by bBRsHEr-2-31  4-chlorodithiobenzoate,  2-

1,2,4,5-tet r@hh@(lpﬂa,pozn?nao&ﬁkﬁlbh@m{awpbar@aﬁ@pemanoic acid dithiobenzoate,
1, 4- bIS (2-(thi obenzo% t hi o) - t(% Ef—‘zz yl ) benzene,
1- ( 4- met hoxy SHEAFYY) e ?i“‘&?fteﬁh Blstez 0 A1 REnzWe ngifhiogrrbenadac etashoxymethyl

et hoxycar bonykfRiphYloafl thi 9@&&&@1&3 Sx{dRs houl CRIROPAZIRE OB -g¥dup or

di t hi obenzoate, 2,4, 4-trinethylpent-2-y1 dithiobenzoate,
2- (4-chl oropmanWQSﬁh@ﬁOQ y1l dithi obenzoate, 3-vinyl benzyl

di et hoxyphooht ait st SrooapEhd P BRRE IPher cRaRChERLr spont fnctudes

2- phenyl prop 229gdbcyﬂisﬁfhh@]ltlﬁdaaIrWUngb&hﬁmBQeneth'M-pphmmct peid bu yeiter cumyl
1-di t hi onapht hﬁl te, 4- enthan0| c acid dithiobenzoate, dibenzyl
dithio enzoate o mlxt res thereof.
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[ 0054] A di scussion of the polymer nmechani sm of RAFT pol ynerisation is
shown on page 664 to 665 in section 12.4.4 of Matyjaszewski et al.

[ 0055] When wdiewop@ieger is prepared from anionic pol yner psiukfgres6950
techni ques, initiators include, for exanple, hydrocarbyllithium

initiators such as al kyllithium conpounds (e.g., nethyl lithium
n-butyl lithium sec-butyl lithiunm), cycloal kyl | t hi um conpounds
(e.g., cyclohexyl lithiumand aryl lithi um conpounds (e.g., phenyl

[ithi 1- | hi h
Ll ey 1o SR Y i 08 B ol shbBéfl of” R b and
napht hal ene seithivimn ﬁagfbfitﬁ430@|60-1ﬂ,séat16n42t4ei bﬁmeyjydzbmlarw;ﬂ

di phenyl net hy as um o phenyl net h I SO [ 0056] The
pol yreri sat i OL G%SI) h%yt al §8R’ Tcat rP cl§ tlfl’i’ol‘if1 t A0S PrbEngisation

noi sture and %Mﬁ]@ﬂesariﬂtl'afbri lilﬁbhﬂfeest"@ﬂ"Sﬁdnﬁgle,aﬁydrS@&?Bylﬁﬂﬁuﬂnniﬁftfators such
sol vent. In one enbodi ment anioni ¢ pol ymerisation is conducted in the

absence of anys aHplithiym \gempeunds Gegs ithethylalithieman-tiyoHiumatsed-Hui!l
system The !Hg{)‘}lmfol: Q811 ﬁfﬂb‘xfﬂ 3 rgf g boér}rclofh@xﬁr PERLIC 58! ¥, rgpt

or ether. Suit e so vents 1 nc ent ane, cycl ohexa
benzene, t ol ubiéymxygbmpeyndse(s. ahynlnamﬂybrfairh;uml,l g’rryﬂbylstyeylr aghipme, p-tolyl
ort hot er pheny decal i etralin 7] The ani nlc

pol yreri sat i olﬁthf)l}%te h¥'l hthl magg:lh gl(? %I&flag meth 1 Stgir Ié&ﬂfné Scbés?f&}‘
-78 C. [0058] Aitimbs ﬁﬁhﬁlld @acbhdeﬂ@fel padion, at4- afsoct@slsmm RuepRng Bulthe,
pol ymer deriv | oni s jis di scussed in International

d fr m ani oni C .
Pat ent Appl i c§ W\ﬁ%bﬁ?%?ﬂ g@%egyln}elﬂﬁ'ésoﬂmflo page 5, line 8.
Page 7, line @hstp page F&@mérism@oﬂéroeéssm&ﬁé%@ézn-ﬂ‘earohhﬁhhd%gernb@%

met hods of preparing polynmers by anionic polynerisation techniques. A
detail ed des cwptﬁwréﬁnéfoxaaﬁﬁbﬁmctlrbmeymé&m%pf 6hlegptornssigertgolyicpenIn ane

Text book of Pl yiBhesCi L8 I &8k aB¥%n Flsed | Leyer Pir e
Edition, 1984, Cﬁpeer y 4, pea es” 88- SESLO n[(?05(53 Cgédpo ngra%?eco#prl se

at | east one BpUrHY V&hlﬁOiSyCMmmd@ﬁal tceeh ﬁmomcmrtﬁimrssstcmrrpmasmng so(vent a
vinyl aromat ' HH@Q gdro%gl%o ér% ar® Elggl)(¥lt ot ¢ Etaﬁl ysBlv%g%s iMe ude

mal ei c anhydrl acry clact d ge6nre anhydr
or itaconic arsubi)tam ptemameatclyvleheftdmer éeﬁzenéb)oiaemlwmt h&mﬂryyikcﬁhﬂm,

Copol ymor (o) el r R Gep ety L SR it A Fom (1)

an a-ol efin apds¢j i) Tae &e6ROX YblyensMBATEIprotapi £l | Ye NBArAEE out at a
anhydride, maleic acid, (neth)agrylic aci dp i taconl c anhydri de or

i taconi c aci dt)echPraH‘érFlo\th (\es %h@f eof ; or (g) nmixtures thereof In one
embodi ment t hgoRQf YMAr nyrk hdeQﬁMaﬁEscgi'bﬁHﬂsof:gméksS@é Fepare the polymer

pol ynet hacryl ate or m xtures thereof

derived from anionic processes is discussed in International Patent Application
WO 96/23012, page 3, line 11 to page 5, line 8. Page 7, line 25 to page 10, line
15 of WG 96/23012 further describes methods of preparing polymers by
anionic polymerisation techniques. A detailed description of anionic
polymerisation process is given in Textbook of Polymer Science, edited by
Fred W. Billmeyer Jr., Third Edition, 1984, Chapter 4, pages 88-90.

[0059]  The polymer may comprise at least one of (a) a polymer derived
from monomers comprising: (1) a vinyl aromatic monomer; and (ii) a carboxylic
monomer (typically maleic anhydride, maleic acid, (meth)acrylic acid, itaconic
anhydride or itaconic acid) or derivatives thereof; (b) a poly(meth)acrylate; (¢)

a functionalised polyolefin; (d) an ethylene vinyl acetate copolymer; (e) a

fumarate copolymer; (f) a copolymer derived from (i) an s—olefin and (ii) a
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[ 0060] Whien the polymer is a polynethacrylate, the polyner may be
derived froma nononer conposition conprising: (a) about 50 wt

%to aboutwég%v\%ﬁ%{g(or about 65 wt % to about 95 wt %PCQ ,@J{)
nmet hacryl ate erein the al kyl group of the methacryl ate as a

10 to about 30, or about 10 to about 20, or about 12 to about 18, or
about 12 to about 15 carbon atons; (b) Owm %to about 40 wt(or
about 5wt %to about 30 wt % of an al kyl nethacrylate, wherein the

al kyl group of .t he .nmethacr ou o ab t. 9, .or, abaut to
about 4 car bSATEXBlE T?W%@Pﬁ?ﬂ PF)‘/? eig dcj h@’/‘?fﬁ@ﬁw
and (Cachl, WacPhit enBRPUE ot Gta¥dnidutiay opdéidva%réé%h@ﬂ@ﬂtorigy\&nu?/ﬁlre@f

a nitrogen-containing nononer. [0061!As used herein the term
(et h) acr y! attBereeiandn gaeysrabaedinenindichalyprn pathypeadant Fraupa|cRiprises a

(et h) acryl ate 1§ AGH UGPSR Qrm&XAPPIerHeTPOUNds derived from saturat ed
al cohol s, such "as nethyl nethacrylate, butyl nethacryl ate,

2- et hyl pent yif06@- prpyn Hbpt yilymer bmtwlpobtmﬁfha@yietehythhepg}ymer may be
(meth)acryl atd%tw&%r%m 4{5’8%@1?0@@ at Efi’on C%nélrlts&gft h) acryl ate, isooctyl
e

(et h)acryl at'é, 'I'sonon Iafte but yl hept yl
(rmeth)acryl ate, S{a)szd»pﬁtcﬂﬁ}y\lvh%pbwboﬁtrm{) wtele (yd toet 6 dec Yl to about 95 wt %)

(ot 1) acr Y1 2l GUHGEHOTROE) SEPHSE o187 R0t PSRy acryiae has sbout

(et h) acr yl atie, totdbbetesnylor BRI AGTBb@LTD, o5-BBUNYI b IabGRCIE, or about 12 to
(meth)acrylate, tetradecyl (neth)acrylate, pentadecyl (rret h) acryl at e,
hexadecyl ~ ( mebPitdSrprhongtonsinet hyl hexadecyl (meth)acry | ate,

hept adecyl (rmeth) U latog 7t0 %bodt%@p&zp%’ HEBLAELGY lo; ¢rRb i) @@rth' G4 &f an
4-tert- butyI octadecg (nmeth)acryl ate, 5-ethyl octadecyl (neth)acry

| ate, 3 -isopilopyrs wd@ewhﬂ(mtchﬁ) adkylgraup of des madegiylate has about 1 to
th I t t
cetyl )e?ELZy? PRGBS GRS HRLBE Yl e 7
(et h) acryl atethydinekyOr ad cosyl tetratri acontyl (meth)acryl at e;
th | at l,coh l.eyl
(mot ) acr vl ate: afd GYErbal R PRatdh 2oFPndads s Wl 3% oo

3-vinyl - 2- butcyshﬁ)mhg)hﬁnyﬂne{ nmet h) acryl ate or bornyl (meth)acry | ate.
[ 0062] The al k h) acryl a}_@gs wi th | ong-chain aJ cohol -derived

groups may bd X‘Eﬁ)‘ﬁ , U§esr [te Wr dBEtRTYBe aMEMSt IPPRERI %€
acid (by diregdihgstigtl Jdlﬁat’!‘lféna)ikﬁr(nf@ﬁ)'ﬂb’ﬂylfﬁ@lmeg|f@1t @xa(’rﬁn\le ccr)]mpounds

transesterification g alnfattoﬁacohols in
reacti on a mdetiye® Bpmestadiyrateg y@irodels( niudh) asr y:n%tbﬂ V\ﬁﬂ?’ﬁa%’lﬁéﬁholbut}’l

f | h
O ooher oy 0R) N LA ESGE JERRERHANRN FbRfedlC 2t h A b1
Al cohol (r) 1I@1©‘dﬁicl'}>0btfsan0®y1 Al(pietinatrelaig oﬁorl)dil (thiethgic(yrigte.] 6 dgnoctyl
Al f ol 610 .a 810 .0 .0 0
ATOl (1) 810 @iy AL AL B O CRRAELION S350 e S92 0 A0 AN
&Eaggé?r )25al3 mépﬁbﬁhb%t?anéé;Eﬁéfﬁlat&Z&ecpf (rﬁlh}iﬁ@iﬁu,guﬁiteayl (Metlancrylate,
T D e B o et acatiagy (fnsl MR AA Tt 0 Qe Idgdgey!

enbodi ment t hgehadryRe), y BAcdy$ f(iql{e’éH)eryifatmCtﬁl-ﬂl@fﬂyltﬁﬁgcyin (&ﬂ’éﬁz)@&ﬁrﬁxt@r
the polyneric arns With a ni trogen- cont ai ni ng

ni t r ogen- contt%trarﬁeﬁ:g} mwﬁﬁml%%wen%ﬁ%émaﬂw%yhates h@sftdﬁﬁdt(é@th?ﬁ‘ifﬁ@@%n
heterocyclic, al I s'iS‘?Jd cr r

di al kyl )altm noal ??Iexa !cr ykélealgl&% eky I( @ﬁ ykﬁétﬁ)m% 2
tertiary-( neu@}my&h@mdﬁeylmﬁntﬂb)acwlam xt4uﬁeésblltt}'iect@d\¢cyﬂ 0064} )acryhute,

embodi ment  t }% tﬁy tagecyl? ol yr’fe e%h(ja fnt;e fur t?%rop%%n}%c%asd cﬁ (meth)acrylate,
octadecyl (meth)acrylate, nonadecyl (meth)acrylate, eicosyl (meth)acrylate,
cetyleicosyl  (meth)acrylate,  stearyleicosyl  (meth)acrylate,  docosyl

(meth)acrylate and/or eicosyltetratriacontyl (meth)acrylate; (meth)acrylates
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(meth)acrylam de or a nitrogen containing (nmeth)acrylate nononer that

may be represented by the formula: 17 wherein Q is hydrogen or
met hyl andwa mogngsanbodi mnent, Qis nethyl; Z is an N Hpg@t/osdaoiecsdo
(oxygen); each V is independently hydrogen or a hydrocarbyl group

cont ai ning about 1 to about 8, or about 1 to about 4 carbon atons;
each R is independently hydrogen or a hydrocarbyl group containing 1
to 2 carbon atons and, in one enbodi nent, each R is hydrogen; and g

i's an i nteger r ' in 0 1 t L. t 0
Lhout 5 [ 906t EeARAE Intdila by RO e ad BBy Bory e AT Whcib i
i ncl ude N, N dimehjughdatey | arhdss, INGnyIRbuiyatyblwhaxgld@setslackyl&s or bornyl

N-vi nyl - f or mam vi.nyl pyridine, N-vinylacetoam de,
N-vi nyl - n- pro{ﬂ%%ﬁkﬁ{ydg%‘, N-vi nyl hydroxyacet oam de, N-vi nyl

i m dazol e, N-[osy| pyhedikdi ?ME)aCMMb@Witwwgo&_mﬁ{ alBohol-derived groups
di mret hyl am noet hyl acryl ate (DVAEA), dinethyl am noet hyl met hacryl ate
(DMAEMR) , di nBgR\IcaRtHBedt pr gé@xyplgmbbjerpactmn of a (meth)acrylic acid (by direct

di met hyl am nezfd:omukigR} BARIM A tfed YR by higRt{a%kAIHIS REPRHg=chain
fatty alcohols, in which reaction a mixture of esters such as (meth)acrylate with
alcohol groups of various chain lengths is generally obtained. These fatty
alcohols include Oxo Alcohol® 7911, Oxo Alcohol® 7900 and Oxo Alcohol®
1100 of Monsanto; Alphanol® 79 of ICI; Nafol® 1620, Alfol® 610 and Alfol®
810 of Condea (now Sasol); Epal® 610 and Epal® 810 of Ethyl Corporation;
Linevol® 79, Linevol® 911 and Dobanol® 25 L of Shell AG; Lial® 125 of
Condea Augusta, Milan; Dehydad® and Lorol® of Henkel KGaA (now Cognis)
as well as Linopol® 7-11 and Acropol® 91 of Ugine Kuhlmann.

[0063] In one embodiment the star polymer is further functionalised in the
core or the polymeric arms with a nitrogen-containing monomer. The nitrogen-
containing monomer may include a vinyl-substituted nitrogen heterocyclic
monomer, a dialkylaminoalkyl (meth)acrylate monomer, a dialkylaminoalkyl
(meth)acrylamide monomer, a tertiary-(meth)acrylamide monomer or mixtures
thereof.

[0064] In one embodiment the core or polymeric arms further comprise a
(meth)acrylamide or a nitrogen containing (meth)acrylate monomer that may be

represented by the formula;

Q
H>C
O
z
CR! )
Rii
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acryl am de, di met hyl am nopr opyl nmet hacryl am de, di net hyl am noet hyl -
acrylam de or m xtures thereof [0066] The pol yner nay be present at

about 0.0kyhQy@RSHEs 12 Wt % or about 0,05 Wt % to abowrhRadbh/edéseor
about 0.075 to about 8 wt % of the lubricating conposition. Antiwear

Agent [0067] The antiwear agent in known. In one enbodi nent the
antiwear agent conprises a phosphorus-containing acid, salt or ester,
or mxtures thereof In one enbodiment the antiwear is in the forn1of
a mxture. [0068éThe antiwear agent may be ash-containing (i.e. netal
containing) or A8HF¥ss (i.e. metal-free prior to being m xed mnth

ot her conponents) Q {s0§8Rigther artiynead, iagestmbayintat, dpid retyphosphoric
aci d, phosphorous aC| th ophos horlc aci d, thlophosphorous acid, or

d
m xt ures ther eof FﬁﬁéﬂaﬁﬁP dPX YR8t i ncl udes (i) a non-ionic

phosphor us COWPOU@Qch Ritl) iaRpaHAfy SRdtoRh & @B%@bawﬁgmmﬂ%mg
(i) an ammoniumsalt of a phosphorus conmpound; (iv) a nonhoval ent

metal salt of arhohokishahouss, of shptidrd abeuidiraghonzatomsal
di al kyl di thi ophosghat i mgelq%ﬁa@ﬁydm%%p&% RIARL Girb P grb¥) B et 25
to 2 carbon atoms and, in one embodiment, each R' is hydrogen; and
g is an integer in ranges including about 1 to about 6, or about 1 to about

3.
[0065] Examples of a suitable nitrogen-containing monomer include
N,N-dimethylacrylamide, N-vinyl carbonamides such as N-vinyl-formamide,
vinyl pyridine, N-vinylacetoamide, WN-vinyl-n-propionamides, N-vinyl
hydroxyacetoamide, N-vinyl imidazole, N-vinyl pymrolidinone, N-vinyl
caprolactam, dimethylaminoethyl acrylate (DMAEA),
dimethylaminocthylmethacrylate (DMAEMA), dimethylaminobutylacrylamide,
dimethylamine-propylmethacrylate (DMAPMA), dimethylamine-propyl-
acrylamide, dimethylaminopropylmethacrylamide, dimethylaminoethyl-
acrylamide or mixtures thereof.
[0066] The polymer may be present at about 0.01 to about 12 wt %, or about
0,05 wt % to about 10 wt %, or about 0.075 to about 8 wt % of the lubricating

composition.

Antiwear Agent

[06067] The antiwear agent in known. In one embodiment the antiwear agent
comprises a phosphorus-containing acid, salt or ester, or mixtures thereof. In
one embodiment the antiwear is in the form of a mixture.

[0068] The antiwear agent may be ash-containing (i.e. metal containing) or
ashless (i.e. metal-free prior to being mixed with other components).

[0069] The antiwear agent may be derived phosphoric acid, phosphorous
acid, thiophosphoric acid, thiophosphorous acid, or mixtures thereof.

[0070] The antiwear agent includes (i) a non-ionic phosphorus compound;
(i) an amine salt of a phosphorus compound; (iii) an ammonium salt of a

phosphorus compound; (iv) a monovalent metal salt of a phosphorus
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[0071] I n one enbodi ment the antiwear agent conprises a netal

di al kyl di t hi ophosphate or a netal dial kyl phosphate. The al kyl groups

of the di amwyb@rtitvsesphosphat e and/ or the dial kyl phosphaberfmyobheseoso

| i near or branched containing about 2 to about 20 carbon atons,

provi ded that the total nunmber of carbons is sufficient to nmake the

met al di al kyl di t hi ophosphate oil soluble. The netal of the netal

di al kyl di t hi ophosphat e and/ or di al kyl phosphate typically includes

nonoval ent or n ' X

sodi um  pot asS EEUED R SpcaF AR Ao ERE F IR 1 BRO R

enbodi nent t her a«)Umxmmofa(g)e(m) cianpr (ises a zinc

di al kyldithio ha e or m xtures reof .. I'n one nmbodi nent t he

ant i wear agenfdb?jﬁp iLedlG f BdEer&ik CpHOSISHAL o2& nPUPRHES th &G

[ 0072] Exanpl eSlaﬂiyl@{t}ﬁblpﬁo@pﬁaﬁe 2l raCmetaaldkaykﬁb hate Tid @myr 8foRbE @ the

as ZDDP, ZDP oqr ZDTP).. .include zjnc di yl propyl)

d| t hi ophosphafi&@lk YEQ‘FMQPWSPQ%WW/ Oﬂiﬂi%ﬁi%é‘ﬂ@}?ﬁ@%aée may e linear or branched
- (1, 3-di met byl ihiing Qbogi 3 tt"d 9[53%1@%9 Qﬁltbeon a%élﬂ& ﬁﬂb&lh@cmb}ﬁlt he total number of

d|th| ophosphate, zinc di-(oc ate di-(2-ethyl hexyl)

di t hi ophosp hagasbensis dnff(qmtyo yrdilkf: ﬁh@nmﬁt@é piméksédlihmpl@nsm@te oylispluble. The

dlthlophospha

- (dodecyl ph[éﬂ(r%tall)deg?lte ﬂ{ln(e)pﬁosp th%?ﬁ@ég(ﬂg %ﬁgpt y al@eﬂf qS?hate typically
d| t hi ophosphatre]udes mmnoysieetsot Hnerabnf meﬁa@@?iﬂ%]thpms@fesnhmlde mesthlstin€ude
antiwear agent dltls ot hfr t han net al gl al kyl di t hi o% Shate 1007411 n
one enbodi nent®THE ERtFReSy RFRHr € DU PR CE 286 n@ 8% ¢
of a phosphor usbedinteai M gnawbat @gene&ioﬁfprzs[:@Qﬂﬁhﬂhﬁalﬁmdﬂﬁlo‘{)ﬂb@h@& ar

phosphorus acid or ter includes phosphorjic acid esters and am ne
sal ts thereof mvﬁ}ﬂ&ﬁk@rﬂﬁpf hi 1pPitss ROPTIGICAE ithe SBHWPY a8t LAMREISERPLANC

t hereof ; am ngi,8ah} ﬁsmat@gpémmteggher@d}d am ne salts of
phosphorus cont ai ni n% carboxylic esters, ethers, and am des; and
¥

m xtures t her B872] [ obzepriee ani maitahle zinst digllphihnshlate o fesi wiaredetst oy
may be used agpe obhp &) NALILAR 2; crm@?ne%f}gaggbgg@thg@%gma&e, SRt

of a phosphorus cénpound is derived rom an a
phosphor us codip@omt), ditrioptiosphateszinddir@of-dinvEhylbutyl) dithiophosphate, zinc di-
2007/ 127663PCH L2001/ 08838 0 ate, zinc di-(octyl) dithiophosphate di-(2-cthylhexyl)

dithiophosphate, zinc  di-(nonyl) dithiophosphate, zinc  di-(decyl)

dithiophosphate, zinc di-(dodecyl) dithiophosphate, zinc di-(dodecylphenyl)
dithiophosphate, zinc di-(heptylphenyl) dithiophosphate, or mixtures thereof.
[0073] In one embodiment the antiwear agent is other than metal
dialkyldithiophosphate.

[0074] In one embodiment the antiwear agent comprises an ammonium or
amine salt of a phosphorus-containing acid or ester,

[0075] The amine salt of a phosphorus acid or ester includes phosphoric
acid esters and amine salts thereof, dialkyldithiophosphoric acid esters and
amine salts thereof; amine salts of phosphites; and amine salts of phosphorus-
containing carboxylic esters, ethers, and amides; and mixtures thereof.

[0076]  The amine salt of a phosphorus acid or ester may be used alone or in
combination. In one embodiment the amine salt of a phosphorus compound is

derived from an amine salt of a phosphorus compound, or mixtures thereof.
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[0077] I n one enbodi ment the am ne salt of a phosphorus acid or ester
includes a partial amne salt-partial netal salt conpounds or

m xtures tyweharfizdsks one enbodi nent the am ne salt of apphRSRIINGHISsO
acid or ester further conprises a sul phur atomin the nol ecul e.

[ 0078] The am nes which rmay be suitable for use as the ami ne salt
i nclude primary am nes, secondary am nes, tertiary am nes, and
m xtures thereof The am nes include those with at | east one

hydr ocar byl , ar, in cert.ain enbodinents, .two, or.three.

i ocar byl 0EHRL WienehohbodBien B PBUISS B 0 CoRbAPROES did o7 rogter
about 30 car begluddsGPartill athitc Ghhar@ihediingid Gnefdanls 8r indxtalkguherdér.
or about 10 to about_ 20, or about. 13 to fabout 19 carbon atons

[0079] Pri nmar y" atRcn&@bpdimentiéhe@minanitheo! gr BRRSPAPRIA cAcid) ATy Psieh Aather

2- et hyl hexyl apinRfscsOCdpRFalen itfhd nilneggy | am ne, as well as such
fatty am nes

asn- oct yl anmi h&78] decBicamines whirbdaey basiitable feratse 2d by payriensa]t include

n- hexadecyl ani. - a i n v.arv. pe. S f y
i noe. i el udE At RN AT B PR an b RO or 30
am nes ( pr odaotisesaimziudabtlesé reith Altzsasthem dabimcalyl cagay, o4, | innoérsdin
such as Arneen.C,. Arne

n 0 rmeen OL.. Arneen T en , Arnmeen_S
2nd A meen SEEGHEIT PR BiePan ceeryl e « e bEe Rt ok g
g ][ oup, s gf: h asn@iCehoudl aylaboitol fﬂd\léolﬂﬁt_oﬁisﬁaf lyﬂ o@éﬂumgpdi&r%al&oatﬁwmb es
of suitable secondary. am nes inc e dine m ne et am ne,
di pr opyl ani n@'?maﬁgu? 031 et ahutadh ahou }Jﬁfor%ew Ly aghon atoms.
di heptyl am nego7upt hydrghdty! aming®, i8E10N4 bethylaaihd)e padl1ahiy] b0 RRiReS .
The secondary am nes nmay be cyclic am nes such as piperidine, i
pi per azi ne aﬁoethﬂhw%@mnien@qty%mmwﬁéOWH@1ﬁ&WSaY% aspwich fatty amines

tertiary-alipghatiGpihARcY ?Hid%@yla%ﬂ?e, al KORALLAARUP hRetddelyISA%R,
may be an al kyl group containing about 2 to about 30, or a ou¥ 6to
about 26, or ndizgadecglamingboottadetybarboandiolepeminteQthenrysehil Kytty aminges

i ncl ude non .O%mh?cﬁas cgﬁl%rgigll)tr egx}a%l_glﬂ%yif/al 7 D GindsE Eﬁcihf] %2;( y"@ﬂe@%@" 1émines

nmet hyl -1 - am no-cycl ohexane,” tert-oct mne, ter ecylamne,
t ert dodecyl afprodudte nvailadle &decypkamOhemieid, -Cieocade Hihais), sach @s tArmeen

octadecyl am e, 1oL o SLLASORAM BTG, A2ded B! AOSLATOSARA IS,
wherein the letter designation relates to the fatty group, such as coco, oleyl,
tallow, or stearyl groups.
[0080] Examples of suitable secondary amines include dimethylamine,
diethylamine, dipropylamine, dibutylamine, diamylamine, dihexylamine,
diheptylamine, methylethylamine, ethylbutylamine and ethylamylamine. The
secondary amines may be cyclic amines such as piperidine, piperazine and
morpholine.
[0081] The amine may also be a tertiary-aliphatic primary amine. The
aliphatic group in this case may be an alkyl group containing about 2 to about
30, or about 6 to about 26, or about 8 to about 24 carbon atoms. Tertiary alkyl
amines include monoamines such as tert-butylamine, tert-hexylamine, I-
methyl-1-amino-cyclohexane, tert-octylamine, tert-decylamine,
tertdodecylamine, tert-tetradecylamine, tert-hexadecylamine, tert-

octadecylamine, tert-tetracosanylamine, and tert-octacosanylamine.
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WO 2007/ 127663PCT/ US2007/ 066950 [ 0082] I n one enbodi nent the am ne
salt of a phosphorus acid or ester includes an amne with Cl1 to Cl4
tertiary alkyloopidzemry groups or m xtures thereof |n ongceotochowest
the amine salt of a phosphorus conpound includes an amine with Cl4 to
Cl18 tertiary alkyl primary am nes or m xtures thereof. In one

enbodi mrent the am ne salt of a phosphorus conpound i ncludes an am ne
wth Cl8 to C22 tertiary alkyl primary am nes or m xtures thereof

[ 0083] M xture am - b iyt i i.on. n

crbod ment o LostLi h encr ptosiathe e e e 80a FHEERIIrEL gol"o Bfe
"Primene(r) JiMEludefan mened mithBCR and 1Rrterane ikyl dimatpgtdupprooduigades

and sold by hm as e,.m xtures .of to Cl4 tertiary .al kyl
i mmry am nelnh Eat oRpSumeRr B BBy T SRR or S atind nchhces
respectivel y. ad 808&]with one teOhO eirtieRt alk¥leprandrp anS@dstor Alix ur@@sRBOr 1S
acid or ester is the reaction product of a Cl4 to Cl18 al kylated
phosphori ¢ acP FFPIPENHRSHIRFRE O RO Pe P B AORBYHdONACIRG AR, & FHES )

which is a m iiHicasab (SbkekrCltyl Bihdl il mRkAEREL-AH] Nes.

[ 0085] Exanpl es o e am ne salt” of a phosphorus acid or ester

i ncl ude the rH@4831 onMixwarsc of gymings inwgprispybe used Wy thanipiention. In one
(1, 3-di net hyl : 1 : r ZEN <1 loq ph Yin. - ,
nonyl, decyl Qﬁ%%dé%lgf“ mb%%%é?@?fﬁgﬁgg%ggiﬁ %g%g%gflmo?ﬂgi cpéis@‘%tew
phosphori c (ofMdli"thimgteds pHdrid Priacnd® T kbeh pyddred endmilddy Rohm &

I bne. enbodi HEHY SLHE AWER Rk | So6¢ ORGSO IR A ATHR S O

phosphor us acieetizy aBst primafy dutksiFdgedtietyeof | n one enmbodi ment the
phosphor us ac@ﬂ&%r efter is a.Cl4d-C18-al kyl phoshlphor us acgi.d or ester
M

Wi th Primene @9V o SUSTRSACERYA o AmS, S\ GORGTORPISRRS S OEFYETS 0P
di t hi ophosphogeh&idcbhebdugy oP& Caacied 1y atlf@yl_ﬁt@degﬁ}%%ﬂﬁicoﬁciﬁ ltd C®imene
This reaction product is further reacted with ‘a phosphorus acid,
anhydri de, or8iR\Weprediced andrepdd bydiahae & Heasd addchals aamixpwgtaf Cldpeé de
or a styrene [ { useful epoxides include ethyl ene

oxi de, propyltgﬁgaqg%lﬁg?{[@hﬁzﬁgmg%i de, octene oxide, dodecene oxide,
styrene oxi del0AB% t hExdrkies of theonwine sblo df e sithoeusegpok bdestérsinclude the
propyl ene oxi de... Th I | s- ;may. be al i.phat.i l.ycol Vi about 1
Po hout 12, Srctsbobiotded GiRiroBR. SpéBuohit A S iSaglBU L g BiRikes
atons. The dithhteoPpholpkionhexyhcibdstyl,glosed] snomihoxdedsls, dbdweypabutadecyl,

phosphorus reagents, and t hods.of reacting the s are descri be
ST L TR R A g MR A M T
may then be sahjlese WidthinginesholiNe, exXedPlnex@Af amitet 8PIimene 81R™, and

di t hi ophosphoric acid is_prepared by addi ng phosphorus pentoxide
(about 64 granEyuss thaserft Beons ekpdigicpeiicitizfean Bt COBPHISH R dMins

about 514 gragh @fa BVALRIMPLORYr i odikikadss thereof, T i
di et hyl buty?%éghosapﬁgrgg?(rt iaoaté”%pr eparledﬁgsy rereeact)c'tirrllg?m_embodﬁmnt t_he
di (1, 3- di met hyholspitoyiry acighos péter otliat GibKd Baadkyd pliosphabeuridl o8 estot egthof
propyl ene oxi t 25 s e mxture is heated at about 75 C
for about 2. &ﬁ%%ﬁes@%ﬁxoé?s%&%%e%&r@bémceous earth and filtered at
about 70 C. TI0886]i | t b embddiinest alkdithiophdsBiaibyaciemghtbepbaspdh adthsan
about 15.2% by wej ght sul phur, and.an acgid .n er of out 8

(br omophenol $8Es S cRHEdl i ESEi bR S HE S ATIoHERP b gattosphorus
conpri ses an Rfd,dahy&dY, 8t wig cdick hTaPRESHAO intsu RS iafl 28Ph&Tc epdxTRI & a
detail ed description for the am de-containing dithi ophosphorus acid
ester is fourfdwene oside, Baanpigs of asefuk epaipdssonclye cHy s edds. ropylene
structure is aubuldheCREMTBoRnc WLNLS adad:@y 28 id§U§tg&h};%x%aam' B8 like.
prepared are disclosed in Exanples 1'to 7 1zcoiiurm , line 45 to

col um 10, | ilneor3 eobolignent 9B, @84ide Fypiopalehy dxide. anftie ghysnisamay nge

di thi OphOSphOaﬁllf)%af?é: iggrcglssthea(finigsabeﬁtelo%r aeo%up ¥2,toqeabglcljtdj %ol aboul é, or about 2 to

about 3 carbon atoms. The dithiophosphoric acids, glycols, epoxides, inorganic
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[0088] I n one enbodi ment the antiwear agent conprises a carboxylic-
cont ai ni ng dithi ophosphorus acid ester, for ex anple

3- (bi s- peny@sditzhvaphosphor yl sul phany1l) - pr opi oni caci dmeb@ygshfbicsdso( di
but oxy- thi ophosphoryl sul phanye-propi onic acid nethyl ester, or

m xtures thereof. [0089]1n one enbodi nent the antiwear agent
conprises a non-ionic phosphorus conpound. Typically the non-ionic
phosphorus conmpound nmay have an oxidation of +3 or +5. The different

enmbodi nents ¢ |se hos hi t r hat e esters or S
Chorool [ 0ooST RS BASTH hE rfielh o RRAIRIAE FRL SR acSlilath 1
non-ionic ph@a@nomuﬁqbemrm@andm hat 3 S44‘;46Wdl‘11h®atrebylhn@hﬁﬁishhhﬁ thebhbe
hydr ocar byl subst.i t ut ed. hite of théaf&nﬁ\{%m on i ncl udes those

represent ed BYEAHEH HR ex%’t@?@fﬁn I’i}i‘ﬁwh%lclaﬁtf]e‘ﬁé’ﬁ%@ﬁ?q Oy

hydrogen or adimgphegibyls Sn@Rde WMbblt 6 8ras9 ¥t 86but BRPCafvel @3stio®BE
of the R groupsglﬂsl?1 gtyl}j;}}?roc%;byl 0091] Egch 2ydrocar byl grou%%of R’

may contain &POUteddt TEBBiEE 10 ofbosboRt4 4gfém5b(§ﬁ Ay &iesyPrepyi c@iQ-¢i(lehe
nbi ned t ot
conbined 1o g{t}?&ﬂgtb‘afyé@ %}ﬁer&ﬁ m%tep écit 92 rOR4A '31 giﬁfﬁpe?h)ﬂﬁb(tyhe

| ess than ab ) out s tha out 25.

Exanpl es of gbpsphibiaithimgesidfath toet hamtnécs oﬁprcwlbmmmaﬂ@a’sahon‘e%%rﬁ) on
both R- grou i hel.udes u 0] t 0. about

about 4 to aﬁzlut MBHUCER ﬁeaﬁe&s a(%)fatoglﬁﬁ ? gtﬁce%?lf éﬁ%lga%r'%a}fouésr ortr}bxsedl ﬁ%tflude
propyl, but yldtat(bmbdﬁbyé ,eatplel’ahWﬁItdﬂﬁi(ylt aﬁﬁﬁ@@y‘lc bUThaddryte, cdneaind eyt ,

or octadecyl groups. Cener II t he b h sphlte i s sol ubI
or at |east d?§£&)§l B’F’@?‘ OTYSp ag% ﬁiﬁ%aﬁéﬁ)ﬁl% PRYGr BR raBy"rCl
phosphi t e mayuhR8edbsdpdhityd7 @,y(qﬁ ﬂo]p[hgg)phl te or a Cl6_18 al kyI
hydr ogen phosphite. A nore det ai I ed description of the nonionic

phosphor us cd¥fFlind Innertidembestiment ghe | fEvess LNt ofURPIISES, 21 ABIdS- of

Us 6, 103, 673 [ e r
phosphat e estj g{ltg&%@aﬁgh@gﬁ %ﬁg&gu@%ftgigﬁgghﬁ)dﬁg\fdg[aélgtgg&?rﬁ@{g&dfeé%e

triaryl phosphidesondaisingadithioplasplgris ghiskpitert &, faund phel§ 4.pHbsphatre,
tri-dimethyl @gﬁ% ioRNISH ngatfgﬁecﬁl%% ?ﬁféé’tl&hf‘snt‘éunw‘ﬁs&{lm 2 °t'ine'§‘ 4‘%'@%5

thereof. [00 one e I men ant 1 wear conpri s
t hi ophosphat @uitable examples prepared are disclosed in Examples 1to7 (column 8 11ne 45

to column 10, line 13 of US 4,938,884). Typically the amide-containing
dithiophosphorus acid ester is prepared by the addition of dithiophosphoric acid
to an acrylate, such as, methyl acrylate.

[0088] In one embodiment the antiwear agent comprises a carboxylic-
containing dithiophosphorus acid ester, for example 3-(bis-pentoxy-
thiophosphorylsulphanyl)-propionic acid methyl ester, 3-(dibutoxy-
thiophosphorylsulphanyl)-propionic acid methyl ester, or mixtures thereof.

[0089] In one embodiment the antiwear agent comprises a non-ionic
phosphorus compound. Typically the non-ionic phosphorus compound may
have an oxidation of +3 or +5. The different embodiments comprise phosphite
ester, phosphate esters, or mixtures thereof.

[0090] In one embodiment the antiwear agent comprises a non-ionic
phosphorus compound that is a hydrocarbyl phosphite. The hydrocarbyl-
substituted phosphite of the invention includes those represented by the

formula;
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ester. Exanples of a suitable thiophosphate ester include triaryl

t hi ophosphat es such as Heresy' thiophosphate, triphenyl

t hi ophosphat®zoot/iazsadi met hyl phenyl thi ophosphate, tri-buggtpseeydsceso
t hi ophosphate, or m xtures thereof. [00941The antiwear agent nay be
present at about 0.0001 wt % to about 5 w % or about 0.001 wt %to
about 2 wt % or about 0.05 wt %to about 1.5 wt % or about 0.1 wt %
to about 1 wt % of the lubricating conposition. Corrosion |nhibitor

[ 0095] The corrosion inhibitor of thegtpventign may al so be described
as netal deactivators or a yell ow netal \Qa;/si vator. WO

2007/ 127663PCT/ US2007/ 066950 [ 0096] Exie@%m a corrosion inhibitor
conprises at |east one of benzotriazjlaEs, ,4-triazol es,

benzi m dazol es, 2-al kyl dithi obenzi m dazol es,

2- al kyl di t hi oberzintdactaR Gl emy be independently hydrogen or a hydrocarbyl group, with the
2- (N, N-di al kyl di t hi,ocar,ba | ).henzot hi azal es

> 50 bi s alky! A oh S AOS GEARETE T ApEET Brocaroy

2, 5-bi s(N, N- djeabkly!| dEktt behobabgyetdup df B; 4 nidyl @dtsaz @l RSst about 2 or about
2- al kyl di t hi o-5-nercapto ,fhi_aagi azol es aor m xtures thereof. In one
enbodi nent t hé CEOPF 85T TmiFdlive dte SR, Wialisypgpiearion Pps present on

enbodi ment th&)t_ﬁ%’!”c%?bﬂ‘ﬂ; ﬁl%hb@ietsﬁhah%bém 45, less than about 35 or less than about
2,5-bis(al kyl -di thio)-1, 3, 4-t hi adi azol e. The corrosion inhi bitor nay

be used al one2or Examplsstifnwitebls fanges for Hee numbeval exrbpmisidmg present on
[ 0097] Benzot ry e : i 0 LL Ut

| east one of %‘ﬂg% o?f%x ﬁlg&ﬁe%galgg%?ﬁ %ﬁ;@?{é, %?&Z} {Oo%gokf?ﬂ%’roq%p glgtr4 %)
or 7-. The hyahootad.byExagmpdespst seitabbohydroparbyt groabsimcl@l; popyll Wuyl, t-
about 15, or l;';L di_nmen h

t /_carban at sl ne enb
eorrosion iy P Hod R BARR) WiBiack) T EIRRT LI sroums.
benzotri azol eGesuhst tHeutydebcatbyp phodphiradgs deluble dy-at tdasBdispdrsible i@agil. b
further reacted wi.th.an al dehyde d .a seconda in )
[ 0098] Exanpl e i ﬁ%%acfﬁx OSPUfF/BEY bé gl hresray Phoselitsed
with an al dehyde cand a8cyd esanban ohatphiR. | AGhdtd@ictailed description of the non-
N, N- bi s(heptyl)-ar-net hyl- 1Hbenzot ri azol e- 1- net hanam ne,

N, N- bi s( nonyl Phigrheselris spmpesoinelugs gofugan 9, line 48 to column 11, line 8 of
net hanam ne, NjQgbigs(gtgcyl) - ar- met hyl - 1H-b enzotriazo
| e- 1 - met hanam ne,

[0092] In one embodiment the antiwear agent comprises a phosphate ester.

Examples of a suitable phosphate ester include triaryl phosphates such as
tricresyl phosphate, triphenyl phosphate, tri-dimethylphenyl phosphate, tri-
butylphenyl phosphate, or mixtures thereof.

[0093] In one embodiment the antiwear agent comprises a thiophosphate
ester. Examples of a suitable thiophosphate ester include triaryl thiophosphates
such as tricresyl thiophosphate, tripheny! thiophosphate, tri-dimethylphenyl
thiophosphate, tri-butylpheny! thiophosphate, or mixtures thereof.

[0094] The antiwear agent may be present at about 0.0001 wt % to about 5
wt %, or about 0.001 wt % to about 2 wt %, or about 0.05 wt % to about 1.5 wt
%, or about 0.1 wt % to about 1 wt % of the lubricating compaosition.

Corrosion Inhibitor

[0095] The corrosion inhibitor of the invention may also be described as

metal deactivators or a yellow-metal passivator.
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N, N- bi s(undecyl) - ar-net hyl - 1H benzotri azol e-| - net hanam ne, N, N bi s(do
decyl)-ar-nethyl -1H benzotriazol e-1-nmethanam neN, N-bi s( 2-

et hyl hexylywoaseieiby 1- 1H benzotri azol e- | - net hanam ne apgdikXbhyieso

t hereof In one enbodi ment the corrosion inhibitor is

N, N- bi s(2- et hyl hexyl )-ar-nmethyl- 1H benzotri azol e-|-net hanam ne.
[0099] I n one enbodi ment, the corrosion inhibitor is

2,5-bis(al kyl-dithio)- 1,3, 4-thi adi azoles. The al kyl groups of

2,5-bis(al kyl ~dithiaq.-1 4-t.hi adi azol es tains 1.to about, 30, o
Zbout. 3\t st D Heafroie g b S REH° SpRRAGE Menuist S odedbe, Ys, 8F
at ons. ExanpheszodfiazdWst al? g-tZaiolky, shalzkyidaghled)i DhtkliBidebenbinddialal es

include 2,5-his(tert-octyldithio)-1, -t.hj adj. azol e, )

2 5. b! s(tert Ez)aﬁé,ylg‘t]flﬁgaz%ﬂp%z,o Sy %li éd&ééé1éf;l<yfjcflﬁloca1%amoyi)benzothlazoles,
2, 5- bi s(t ert 20epM{afiti i@ o)L, B44nhfabiadieqz Ob 8-bidMNEN-dialkyldithiocarbamoyl)-
bi s(tert-undecyl dithio)-1,3,4-thiadi azol e, o _
2,5-bis(tert id%‘ﬂ@%!?‘iléml%ﬁa A-alkyRlithio-§ mrcaennae dhigdiagpleiox t opxaeres Hegrers
[00100] The ¢QL,Q8i P L LRk i i at 0y ofBe WPRBLdiWent®
o about '8 e GhOFHBRHRR BBl i 5 E8lzoflarblioh oo BRpaon
0. 0001 W % the advowsiof. inlibitéd ier a aBdubis@liQdaisthw)-198.¢ dhiadeatle0. 0Thew
% of the |ubricating.c osition. O s of .Lubricat.i ng .Mi sGosit .
[00101] The FRERRAhATRASES b e hblohe o ik dBHLRALR Yl BERPbiosion
vi scosity. Suatibiedrks i nclude natural and synthetic oils, oil derived

from hydrocr i.ng, drogenati on, and rofj ni shing, unrefined,
e nod and TO7RF; HESRPREIER oo Ram e kst P Dot it hite
oi I's are thosetblbabras Gid peditiohsf 1-QM2a oRat UF &l 0106- sryN! haking deRuLSEe
generally without (or wwth little) further purification treatnment.
[001031 Refi BERIPSIMYY 8PH2i hi? 4Potio3 G e LR beiield: oF | lstarbpt” e4bgn
have been fupiher 4f ¢abedniduints Gk RIS LR sAB1y3E48PSe! Oln one

i nprove one or nore properties. Purification techniques are known in
the art and remwbpdigens biygrentrbek benxotriagnles subsidiad \at @sitiphs 4t poA; onét d

or base ext r%fﬁi%befﬁug%é ch Q04 W@tﬁraglglge}h#gg afg‘&r‘gsééé%dé' Keniné 00104]

Re-refined oils are a nown as r reprocessed oils, and
are obt ai ned [WP8pr odxespsssifriitarle hpdibhabe! bsedtrtagoleb fiaiher refctadedith

oils and often ar ddi tional | rocessed by t i ques.directe o]
Ceroval of sEErTuAr ied Srerisfy ERESKnsuRe oV R eSS bR S
Nalt ural oils Blbhmf[@%zoie(nmeéﬂhmnﬁm iN}I‘iﬁ-ﬂis}(ﬂcﬁlgl)h@rr%l@tﬁﬁ-SHiH&lﬁkdiﬂezcﬂ@-iln’al
oils, vegetable oils (e.g.,.castor oil, lard o , Mnera .

| ubricating SIHIEBER: as _Nhlu‘?lagdﬁ%xl?-a?-&?ﬁl%f1@%“&&{)&%%&6@%&@8&’ or
aci d- t r eat ed NINngE@hddcyDLdrGREth 01 RibkfzRfiatdle 1 RAsREddnhe, napht heie
or m xed paraffinic-naphthenic types and oils derived fromcoal or

shal e or ni xbistéesicerigeearethyl Johbalzogiazeltel-methanpmingat i ng oi NsNarig2-
useful and i @&gg&?ﬂgyﬂg—rﬂ?&ﬁlbﬁ-ﬂbgﬁéoﬁi ?@Egﬁetﬂﬂla}ﬁﬁl‘? laR& qn?(@lﬂes thereof,
iséd o e.q. po

i nt erpol yner fins , pol ybutyl enes, ypr opyl enes,
propyl enei sobubyd embodiopot Yheerosiosiopaniibitohex¥Mes)s(2-pthiylieky]) oocneried) |
pon(l-decen?gabeand.nixture%athereof; al kyl - benzenes (e.g.

147

dodecylbenzenes,n?ggrdﬁgJyF%en%%%%g; di nonyl benzenes,

di - (2- et hyl h¢oogo) - henraeasodihalty flrestsidreingibitobiipRenistalkyl-dithio)-
terphenyls, alkyhat 8%, R YRREMLP Lioups of 2,5-bis(alkyl-dithio)-1,3,4-thiadiazoles
contains 1 to about 30, or about 2 to about 25, or 4 to about 20, or about 6 to
about 16 carbon atoms. Examples of suitable 2,5-bis(alkyl-dithio)-1,3,4-
thiadiazoles include 2,5-bis(tert-octyldithio)-1,3,4-thiadiazole, 2,5-bis(tert-
nonyldithio)-1,3,4-thiadiazole, 2,5-bis(tert-decyldithio)-1,3,4-thiadiazole, 2,5-
bis(tert-undecyldithio)-1,3,4-thiadiazole, 2,5-bis(tert-dodecyldithio)-1,3,4-

thiadiazole, or mixtures thereof.
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al kyl ated di phenyl ethers and al kyl at ed di phenyl sul phides and the
derivatives, anal ogs and honol ogs thereof or m xtures thereof.

[ 00107] O hes20ymizbeati c | ubricating oils include pol yol pesi:€67/ds8446 h
as Prol ube83970), diesters, liquid esters of phosphorus-containing
acids (e.g., tricresyl phosphate, trioctyl phosphate, and the diethyl
ester of decane phosphonic acid), or polyneric tetrahydrofurans.
Synthetic oils may be produced by Fischer-Tropsch reactions and
typically may drQlLs j se i: - a Mo
wowes 13 onol BApBY L RAERKGRC e EE M6y B 3ReR: 2V ERSE090RF S5 1o
gas-to- i qui dalsymthet%coprbooedd0e] as vl dboas 0 Gtvels, gasbauo 100U % to

NI NI e e T e R

| nt er changeabtdmpasitiasi. del i nes. The five base oil groups are as

follows: Goup.| (sulphur content >0.03 w % and/or <90 wt %
saturates, vi Mwbl 20); Goup Il (sul phur content <O.03
w % and >90pg0p Sghyr alRRatiNg S@&ﬁﬁ&sﬁidrﬁ%lﬁ%ég-zga;p@ Q¥ P1ubkikating
(sul phur content <0.03 wt % and >90 Wt % saturates, viscosity index
>120); Group Yi¥eqsdlyl poryaniphasilede paturabros) pynthetde @ilsupilvd¢rdyad from
others not in I; S I I I AN i |

| ubricating vﬁ%(gg%lgf%}ﬂ%’g r?éeélghgljrlf *K\Sﬁ h%grgﬁ{l)m{u}{bdl g%%n%l’, re@%%ﬁ“? I'f;
G oup |V, G owghinwd oils amd mmitutestiegedfher eof Often the oil of

| ubricating vi ity is.an API oup 1,.Goup Il Goup I, &
Vo1 or i BRER ¢ Hir o e HRET obiren Ry o £ Hprt g sryRee
vi scosity ihs qu]fcr&ﬂ%eglﬁroaﬂiﬂwi@[dwpoﬂvbi,th ]Eﬁ*tlbglﬁurltﬂellr pagiﬁlataﬂptb rdayment or

m xtures there 109] The amount ,of the oil_of |ubricating
viscosity preL‘)@AP;h sRF?»Bffoaﬁ% g7 e85 o e B R Ry sEePficy have been
subtracting fremMedQRad ¥ bhe FURR! phRECATIUMepOfto tRGHIPR VB or Wbk
antiwear agent, the corrosion inhibitor and other perfornance

addi tives. [OpreReriieshd urifispiiemtedhigiauenmseskaewn imdlic be 4nd mplude sehicat
a concentrate . a Il LT o :
t he antiwear %’g%%l&?in%cérﬁ!gl—%8%@%%?%#@%#%%%%%%%10%ﬁ%tﬁzio?’ofr)%gagéﬁ%n
concentrate (shitbbhlikey be conbined with additional oil to form in

whol e or in pa a Linished .| ubricant the ratio, of the of . .
Conponent s (0045 RE:ARST ol e Kby oot R G rdriiatied gils, mnd
and the corrasicdminhdsibbhioaessto sintikir @b thodt ubetbto eiabinngfivéESeidsatd/often

and/or to diluent oil include e ranges of 1:99 to 99:1 by weight,
or 80 20 t o 1HEGGeB ALY GHESSet e b BBRTES RATET AtrrRe AL Of PR BT
conposi tion ofndtdiEvichV®W padeg@ti onal Iy further includes at |east one
ot her performance_additive. The other performance additives include
di spersants, @8183]lgeNetuiralgilsssiidyn mekme thenirepdre lybrigaptsjinglude animal
vi scosity nodi:fd ol (TN ] e
venti o) st axdanp Qs (R ol Rl W8 ol nipoiP NRPRARLE oA ol b
depressant s, ligadpetdlebintalssindaclvanbosated or amd-dreated amhydt lubeicatrgloils

m xtures ther . 2 al ¢ i t h re .-
perfam ance a%glhiei é%gﬁfégn%o%—%gléﬁe%ﬁce%nﬁ&g%%Zagafgi?%” F é@ gcs?}?%%rga?/l d oils

i ncl ude rangederofkd Gront cbl be sidle ot m2Husks théreet about 0 wt % t o about
10 Wt % or 0.005. wt %.to about, 5 w or .apout, Q. 005 %t o
2bout 1wt o4 10BF 06l ouy Sl Siice bR G st useli Fhd g bie ddrocatbon ol
conposi tion. fichhaygholgnRriedd naide iﬁferﬁ&lﬁm@ftimr R0 (@RNC QoRb1EM]S
may be present, it is common for the other performance additives to
be” present i rPYFPRYlENEs: JFpRiieneisabrEtense corplmen):opdlatl-hppoes)zpok(1-
sui tabl e di spgisal b&i-a Ci pigm 46 ¢8-S PeH Ghen. e
N-substituted | ong}’c[?aalyﬁ gek%%gﬁ sugci n?{mﬁ]&gs) ,ég@[iﬁ/anngct?%g?ésﬂggersg%ﬁt ,
an est er - contdidetyljerdicsper semdecabemreden s atinaryllpmaensst  di-(2acthatheyyl)-

hydrocarbyl MRROGRALROKMbfendfY (EE) MhRISRL Hhh30 A ARCHGIRRNS:
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[00114] In one enbodi nent the succinimde dispersant conprises a

pol yi sobutyl ene succi ni m de, wherein the polyisobutyl ene has a nunber
aver age noygculiasrcyei ght of about 400 to about 5000. [ 88+4S}o07066950
Succi ni m de di spersants and their nethods of preparation are nore
fully described in U S. Patents 4,234,435 and 3,172,892. [00116]

Hydr ocar byl - am ne di spersants are hydrocarbyl -substituted am nes. The
hydr ocar byl - substi tut ed am ne may be fornmed by heating a mxture of a

Ot o, G Ra R G BHS DuE oy P SRR ot s s
presence of anblageamumn@lsgssmdmmﬁbﬁaﬁ;limfbatthaera@f described in U S
Patent No. 5,4 453 00117] .In ne enbodi ne the jinventio

conprises at 19 %L@Sgg@g H&Brtfr\geﬂ’qf‘ udsi 9?@8‘0&?8?%2%“

anine and zi rp@omm@@gm tiRera mﬁﬂlauewbybylﬁagﬁﬁﬁmmmﬁhﬁg @@&@ol(@é
wi th zinc. The polyisobutyl ene succinimde conplex with zinc may be

used al one orri¢igsdonbesphticorfrioptyl ophosaliiediene n'thet Hiethyil s pders Hit decane

conprises a u n t yLes
Chereof and BLoHSARGRALETE: SRR AR RS L T A b0 (1l Taf B
di spersant s mmgduatd byEesqh@&ﬂ“mpseJatrwtlbys @mhv}emalkyrmay Fmetﬁyddsswser'aed
reaction wt t}.lscﬂér 2l 2 hv%n etX s 3 e‘%};ses Ant e.are boron

urea, thiouread rpcapt I'azo Car on 8. su dhi de, © ?éneamges
ket ones, car kp@egalredc bam (Wss,chhy"dxro@&af Qﬁmtoslidpmtll styuﬂedcsprccédmra: as well as
anhydrldes | ei c an I nitrites, epoxides, phosphorus
conpounds andf gﬁ%foa Sr?géunds In one embodi ment the dispersant is

a borated di gwospntouswph@ab&%gthgcctmszaﬁ@dam pRekHAE: af ERIficien thbe
succi ni m de di spersant corrprl ses a | yi sobut yl ene succi ni m de

wherei n the pon§ieBpiRiialane RsEu dpasgv@H algpéerahpngeanilay @é}d’ghﬁes@f

140 10 5000. 1hAGHA%I00 Eb3RCLS A ollEs: RS0l SYENbhH colicht > AhoU!
5w % or about 0.05 to about 2. % or about to about 1.

% of the | ubehéari<Ag vcto%ﬁ@mr@tmmsqosmzu]exmlmh Gaqitpslll(ﬁldphl@econtent
nmol ybdenum c%’qgu S, S I di rised
ol efins, sul phi equsﬁ’bléﬁgsgé':oe% nonzg‘tPHirL]as VH& r?argg%?ég%of bp&g hif
propyl ene oxi(siépl(urumetanaﬁpnﬂnwﬂ%, alndmj?@red ‘Vpbzﬁnmltes, viscosity index >120);

5205 5 ai -t eRtOM ST RalEeBran AORho B R A e negpuded

3-(3,5-di -tert {huﬁpslr 41 hyldro@xy)prmewﬂ)of mbﬁpatmy Cisasitd cbﬁ@ﬁeésy&n apter
or 3-(3,5-di-tert-buty 1-4 Lédrogﬁ pheny ionig a]ild 2- ethé E X
ester), amini O%r]rpgﬁﬂ‘éi% Hsz Y| bh@??;‘/lpag aHEPRE My P AT raixgprest

di phenyl am nesridnt 4BicgRbE MibdicatiViscabithhiean! 291 BRouOL ttoup 11, Group III

di phenyl am ne, di-octyl diphenylam ne, butyl octyl di phenyl am ne,

octyl styrenfirod PRemATaRixteceheasast Hylferpatishy thedi hpieivpTicsiivendycosity
[00121] The or about
0.01to abou?péﬁ%(drpg?}(} ‘Eout g%ggﬁrtdé’)%ggéﬁ&%&g{f&nﬁgo oel@oﬁ

| ubricating ¢ePBksi tlimmmc[@@mml]e oThef detiestgertiseaity pecsettistyglicadly the

synt heti c. rgent. AhS Syn hetlc 00123 e
det er gent rra@ %nce 5 aenﬁlélg a% tra %ﬁﬁcir%égb {hg YA %f{hﬁhona ?

al kyl sali cyhat golymes,aﬂhemnarta& agams aid gerusion zﬁmbmnxinﬂ ethet beﬂfe@fﬁance
[ 001241 I n one enbodi nent the detergent conprises a phenate or a

sul phuri sed- 6&@ A¥E%e.

[00110] The lubricating composition may be in the form of a concentrate

thr

and/or a fully formulated lubricant. If the polymer, the antiwear agent and the
corrosion inhibitor are in the form of a concentrate (which may be combined
with additional oil to form, in whole or in part, a finished lubricant), the ratio of

the of components (a), (b) and (c) (i.e. the polymer, the antiwear agent; and the
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[00125] In one enbodi ment the detergent conprises a sul phonate
detergent. The sul phonate detergent may al so have corrosion inhibitor
properti eswa¢ Q28563 The sul phonate detergent of the conmpesiukiedussoso

i ncl udes conpounds represented by the forrmula: (Rl)k-A-SO3M wherein
each RI is a hydrocarbyl group in one enbodi nent containing about 6
to about 40, or about 8 to about 35, or about 8 to about 30, or about
8 to about 20 carbon atons; A may be independently a cyclic or
acyelic divalg osfmﬂmt&ar%gkﬁe%l BY RS ARROM G AR Ny 15 N 8GRe
val ence of a an amoni oSl Her eot kK" s
an integer of tlﬁ mmgcﬁlmtﬁut%&p %orbﬁwarght e)r(s,() 2, to20:B) bdwetght.I n one
enbodi nent k s 1 or 3, ipn.another enbodinent 1 or 2 and in

anot her embod €HO di¥¢ one enmbodinent k is 1 and Rl is a

branched al kyfoognoup T\M:tcbm@bﬁtibn Bf g ﬁb@t&loﬂ&btﬁ@&bﬁﬂuﬁﬁ@ﬁﬁeludld@ D NEast
enbodinment k 1s 1 and Rl is a linear alkyl group with about 6 to

about 40 car b&ff thsasrerformine atdifing eShdfothsyi parmraange |addidiyes dnelyde
group i ncl Udedl@ﬁérﬂms NRRbentdehYdositl @%yﬂm(}) 519&[ CMhlat 130%03Q%C}H0d1f“ iers

hexadecyl, eicosyl, or m Xtures thereof 6 129] "When Mi1s & val ence
of a metal i opther Hen ke polypay (ilge compeoncal éaitof thi \naketian), antioxalastst faam

f . M- .
meal e UL ED. BB lorsk TR RGeS B
di val ent, t heacidbahbnliyidride) a:ﬂemxaxrreatﬂeaﬂofne earth nmetal such as

magnesi um ca or. ba one enb i | is an,...
et e ear ¢ WOREL T ol cbemBine Rt et it Aftirs PeHoERIRe [t
Wien A is cycédpdipds (pﬁs%éﬂilodhQ’f@Mﬁree&iﬁhk&b&ﬁlr@[mﬁﬁn%d&%ﬂlﬁﬁtWﬁﬁé’ﬂo@ﬂe
or fused bicyclic rou% such /as napht hyl ene, i nden

i ndanyl ene, bft ¢ IopdriOgi i 1%e i but MRt oer R19BF BOPS Yt yedagbout S wt

embodi ment A O0RPLESLD.0BSRAPALDYLENRY &i Y or ERRLB 105 I AihBLB68BS wt %
enbodi ments thé detergent is neutral or overbased. In one enbodi ment

t he detergentof ﬂﬂerﬁ@mnoauﬁon[ otiizzEhPegmsireere ot the sthier abtfernace agéittes

Lo bhonare, | chrg b8 Medh, 64 ColtModdror 2 SEY borBotfiahbd MGl B3R Focent

napht hal ene sl gpfforeat momtdoﬁdd:vgd tomaplhbtha% ene sul phonat e, calcium

di pent adecyl hal,ene honat ur.es reof. In one
erbodi ment ¢ nIURLor gortieB BArS St el pEh SRl Gt Garcgmote
cal ci um di nonMstﬁﬁhtehdb@glehﬁnlhnd&ﬁﬂastuecmﬁﬁzdm)g(h Mz&ﬁudm@i@}&ﬁﬁaﬂt [40:58:3]
The detergent nmay be present in the |ubri catl 03| Ion i angies

fromO0 to abotRNENRE ISPSFsaaboﬁt Engersation ap, Ctl ty o YQ\IIS’G
0.01 to aboutm@ndéarb¥xyhe e[c?fﬁ%%ﬁ]a%\efhts GOS 4y aBReH bi @Lﬁﬁn&ﬁé}ein bikSD abdio

polymer (a) of the invention, 1ncluding hydrogenated copol ymers of

st yrene- but adphsnel désprisping- bydipsarbrleareinp ol gnearast, arolyeshssidiasesent, a
hydr ogenat ed ”g%tﬁ&%mh RisGSa O'M”iﬁf apenwﬁ’ﬂbp ﬂ{é@‘éseﬂte'cﬁg’p%%ﬁ?may bea

pol ymers, pol acrylate, polyacrylate styrenes, keny
aryl conj ugat sdcdiene, wpmuymcedsﬁep@kwrquhrrh&pmmt esters of maleic

anhydri de-sty opol yners nvent j onal meth)acryl ate .
ol e s may” BETHAE P BRI RN < e B T R R agsm e
defined for thdypobypent Cs@bﬁﬁmﬁ’domhﬁf:m tthe pﬂmamwmnal has a number

poly(nmeth)acrylate is ner al E func onal group sel ected
from a hal ogetverags MecREaYEg y‘%{éﬁﬁ’o‘a\t Béﬁ oup. In one

enbodi nent th@OP%]Y”SﬁchﬁmﬁH‘@dis@&%ﬂﬁth C&ﬂd'tﬁe@ﬁ&ﬁ’od@ (sm% p&@ﬂy@@tré 9@@4
viscosity nodifier. E)LSplFe Vi scosi t fier ot han pol yner

(a) of the i n@‘é‘ﬁtqeéﬁlﬁ?ﬁyﬂ aendh (236, 4@%/\%‘1 317,888 out 15 w % or
bout 0.01 t t
0075 o aboul UGB [t Al AP Bitheratld k0 1 0Rben} Esllsite R

car boxyl i ¢ acThkt bydraphygrsubetituier enfnenmyy dorfoaned &b dwentiif at mixalpoudf a
400, or abOUtch%orlna ed bf%lfun ()21"019dlycﬂreﬁ1?‘ %8 ! as3 (2:1) c%?orma?e'"clit po ylsoglﬁ Pene Wlh’l an
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i nterpol yner. The pol yolefin nay be prepared from pol yneri sabl e
nononers contai ning about 2 to about 16, or about 2 to about 8, or
about 2 toyghemiizsearbon atons. O ten the pol yneri sablpgtARABBI6550
conprise one or nore of propylene, isobutene, 1-butene, isoprene,
1, 3-but adi ene, or m xtures thereof. [00138] In one enbodi nent the
carboxylic acid or anhydride thereof, or derivatives thereof
conprises a succinic acid, anhydride thereof, or carboxylic ester

t hereof [00139]. I n_gne_ e di nent. the garboxylic aci,d or anhydride
ther oot comprntint Mo ds JTRBETE Mg "B 8 Rihce o5 Suaf iy B Riehoeifn

t hereof . A nmeadodetakkedrides i UB.iFarenoNoas 407 4abl e carboxylic acid or
anhydride th of is described. in 93/ 03121 age 33,. line 10 to
page 37, i nd087) [ Jor9 _ewﬁogwbené\#f%dpwnt ﬁ’é&’égﬁﬁww% ahdiagt gpe
anhydri de t hefi@efsantiOlerfiUl ftahi pRpisbhRyIERE, AOARIHSA L8 JxERCId Afim a
product of dodecenyl succinic acid with propyl ene oxide. [00141] The
car boxyl i ¢ adelisbugihenedrugenimde eepmpkey bathor@sent The r pelgsebytylsae 0
toabout3 04 -Qr K . . 0 . t
0001 to abodk ide AR A i bE o HopS ofn YmBhnal BETRARE

| ubri cati ng corpdendnt dme disperbait] cobirhrers pard psotariglenaddicinimeds suupleas
foam i nhi bitaqr.s i.ncl udi capol .S, .of .ethyl acrylate

2 ety hexyl dunyrat o DS ARE sty Soforprt i el e RefReh e

i ncludi ng trijedkgl plrieshirtasts ot yies by bestarateddst onvpstionat hythedeby
oxi des, pol ypropylene oxi des_.and (ethyl ene oxide-pr | ene_oxi de

pol ymers; podr reﬁgti‘c?ﬂ Wil P15 & §ar§fﬁﬁl d?g’?ﬁtsestAé}?‘@Pgo%gealaéﬁi goron, “)rea°
anhydri de- st yfigh@a, P@hsrRbRARGNIas1eS, RMoYaChYIMi8S, QNdehydes, ketones,
pol yacryl am des; and seal swell agents including Exxon Necton 37TM
(FN 1380) andafexpic MPAgFal hgsasarbyn-sylsitgohopuceimg dinkpéidant maleic
viscosi ty modhfi B, hRfife8le o%f&g,rﬁ%séﬁ)orﬂ oMM ud R GhHBe déﬂﬁ%ﬁﬁi&ﬁh&éed
pol yol efins, for exanple, ethylene-propylene copolymers that have
been functi odrldngeembpdimenhdhe elaspeisont pr edberatedf disareind. adlypelldethand
an am ne, a t t i opal i 1 e, :

ot yr ene- ol o arien, Aperta BorbEs e, sREGlliby ShoBRhC coRlprisey o3
be used in tpelyxwipodirtei encofintie whesst | tha. polyidustytdnal hApp immttiecon
[ 00143] The net hod of the inventi i seful for lubricating a
variety of mAtHART B’QIecﬂg\I}i‘v@@?#hg&We@W&ni cal device conprises at

| east one of j@ 19Nt ertzalispepsshy siay Wt ognnat (fvar %cloaabeaas evt %, or about
lubrication), a hydraulic system a turbine system a circulating oil
system an i Qdirstd pBPUtor-P Wy <teh 2RPug&al to gbgiital-Bokt "art 4be dwRatgetng
transni ssi on cgppasifiual transm ssion. [00144] In different

enbodi nents the nmechani cal device conprises at |east one of a
hydraul i c sy$eHER0] a Anfiosideatssipsiudmmalybdanam eampryngs sudyat @ajybdenymn

i ndustrial oi 0 : | Qi I OV
illustrati onsdhg?x?Itr?gﬁ}atr?\%’e%gi?@r{}s-g&ﬁ)éésfglség%ﬁjgg)gg% a%z%rpégﬁalsrg KV tar%‘md
are not i nt emchetkdt withipropyleie osidepencdd rathe 1ilny bimtdexed. pHEXAIVREZESi-tert-

[ 00146] Preparatiyve le 1. (Prep, 1) i,S pre i n Ve I

cqui poed vi (R8T Er SRR o A FRERR Ry iRn8h o RS G A N Y S Ay e
speed nechaniphadylppioptcaiic #cid hbiatybcasupl e3-ahd-d-watbatyl clon) ke pingets er
is charged with ahout 80 g of Cl12-15 al kyl rre)é#hacryl ate, about 209 of
Met hyl net ha®FRRIeite, a&‘éiou’tg“"é)c.%’S i qfri%'&?ré' ﬁ?‘i‘b(lit}ﬂi“rlil%ﬁr?)’i‘ﬁ'?h% Ot
4.07 g of 2-dadeemt subdbanyliiinsat bodydrsul RRAMY1- oBédigk Pr QRIONIaG
aci d dodecyl ester (chain transfer agent) and about 48.2 g of oil.
The cont ent s Ph¢ntiadagpeddlsilarging o i slkelatagn dérheaylaminasgéiypishlnk dtngmi

about 20 mn u - X T i n W_j
oducea 10 alEni Bl MEayE Wbty Rlinf X801 TBFRALEAGED tih ok
about 90 C f diphabyplami®, hoostgl Altpretyl6. Gbphpngfanetdy| ene dytthgbl dinonyl

di net hacryl atie.i s .added to the vessel and the m xture is stirred at
diphenylamine).
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about 381.4 g of Cl12_15 allcyl nethacryl ate, about 62.28 g of nethyl
met hacryl ate, about 110.9 g of oil, about 3.12 g of TrigonoxTm 21
initiator awsld71i2e¢g of n-dodecyl nercaptan. The cont enpsr@f2bhssose
vessel are shaken and m xed to ensure sufficient mxing. About
one-third of the vessel contents are transferred into another vessel
cont ai ni ng equi pped with a nechani cal overhead stirrer, water-cooled
condenser, thernocouple, addition funnel and nitrogen inIet The

contents of t S I 0 0 S

ni trogen bl an@tﬁﬁl ?vhve?‘{é %ﬁ%%r{téjg%uge é—g?@?%}%fb aﬂﬁhggﬁs{ge f%g},to
heat ed t o abousitoui 10 €t ¥, bhaltounibtOSagehodt ivwit &t er tie la]mmmtmg:ﬂ:oﬂphdiﬁon
After the rea er at ur hes an exot he eak

r enai ni ng tmﬁtol]i??]ds C{ﬁeégef??agf GBHEFR T Qtthﬁ{“é ?‘? PBﬁ]eFﬁé’dW% the
vessel ) is addadrgehr@ughthédie addition funnel over a period of about
90 m nutes, before co I|n%8the vessel to about 110 C until the end of

reaction. Theld#d2dk| T B 0@t PeaBodherrty o & SHPhYEsrsRIIANLE. i h

about 1.8 g Ogulﬁﬁdna?éqgnﬁldyf 58 g/fa@é a%laﬁk'ﬁraﬁnﬁ s&]%m bhh3xetRRhdrsof,
repeated 3 nore tines. confent's of the vessel are stirred for

about one houfﬂﬂtiéﬂor énc@ttﬂ i mepodémenthitent detesapnir gompesesTHe phesaipt anta

polynmer is ch r having a wei ght average nol ecul ar wei ght
of 36, 600 g/m) g’ehéﬁgnﬁéaverage nol ecul ar wei ght of 19,900 g/ nol.

[ 00148] Hydr aLﬂOﬂES}syh& ent Iennﬁ)ndmt nig: daioqpost tommsseamesybplepateadbtergent.
containing th tives and base

|
R A R EE v I e e
Prepl and fur[(IOQBG]COF!haIﬂﬁﬁ)hanﬁt@tdﬂtelgénta@iobﬁe OorBPosifioafludds| coptigprids

additives (i.e. a zinc containing antiear a a benzotrjazol e
corrosi on i nhicBresghted b-‘ﬁaa'l‘?t hfg ' mlg‘ﬁ*ﬁﬁfg&hﬁn WheEBY i Bt Qa]lS a
phonat e det er geibearB§l @bhp OGP é’fﬁl?dmmeﬁ‘t @Hn%&zg@%u@m) 2R 10 Oorzab%t %

of a polyacrylatc pour point depressant erence | ubricating
conmposi ti on (RtCTiyoytsIs he abars wsaboet 30e@<rcfé1@rdt BHe apotierarben @@ms; &

used at aboutp,g8, 2.Whqhed@hihE PAREoLAL ch§ dﬁfaﬁ%{%:og 1G5 c}focarbo

[ 00149] The Iub icatlng conpositions a e eva y determning t
ki nemati c vi sgrospi Mess hardrageout Vé.ﬂ@@@ eind meetal afyo uin A4@otipy @nmromxnges

AT et o kiRl NS SSERRAYoL BT s 8.7 7068, Bonay

2007/ 127663 PCInhsR0OO7Y R669R02 Tes?, InCindth&leMbodimrbt d M Scasi ty sabthdOO0

C (me/s) 8. 2enri%boodm'lent 2.
[00127] In one embodiment k is 1 and R' is a branched alkyl group with
about 6 to about 40 carbon atoms. In one embodiment k is 1 and R' is a linear
alkyl group with about 6 to about 40 carbon atoms.
[00128] Examples of suitable R' linear alkyl group include octyl, nonyl,
decyl, undecyl, dodecyl, pentadecyl, hexadecyl, eicosyl, or mixtures thereof.
[00129] When M is a valence of a metal ion, the metal may be monovalent,
divalent, trivalent or mixtures of such metals, When monovalent, the metal M
includes an alkali metal such as lithium, sodium, or potassium, and when
divalent, the metal M includes an alkaline earth metal such as magnesium,
calcium or barium. In one embodiment the metal is an alkaline earth metal. In
one embodiment the metal is calcium.

[00130] When A is cyclic hydrocarbon group, suitable groups include

phenylene or fused bicyclic groups such as naphthylene, indenylene,
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Kinematic Viscosity at 40 C (mm®R/s) 47.3 45.1 Viscosity Index 149 153
[00150] The lubricating conposition is also subjected to shear as

det er m nedwbydkrdsaper ed bearing shear stability test.pcii®20071066950
instrunent is run for about 20 hours with about 5000 N | oad, at about

140 C and at about 1450 rpm The viscosity data obtained fromthe
test is described in ASTM net hod D445. The results obtained are: Test
LC1 RLC1 New G| Kinematic Viscosity at 100 C (imm®2/s) 8.32 8.062
LU U nganyrleln% 1\)/IC§( 8I§flzl1ttgd1enylenoeoorcmlxtures thereof. In one embodiment A
comprises a naphthylene ring.
[00131] In different embodiments the detergent is neutral or overbased. In
one embodiment the detergent is neutral.
[00132] Examples of a suitable detergent include at least one of calcium Cs.
a-alkyl substituted benzene sulphonate, calcium dinonyl naphthalene
sulphonate, calcium didecyl naphthalene sulphonate, didodecyl naphthalene
sulphonate, calcium dipentadecyl naphthalene sulphonate, or mixtures thereof.
In one embodiment the detergent comprises neutral or slightly overbased
calcium dinonyl naphthalene sulphonate, or mixtures thereof.
[00133] The detergent may be present in the lubricating composition in
ranges from 0 to about 3 wi %, or about 0.001 to about 1.5 wt %, or about 0.01
to about 0.75 wt %.
[00134] Viscosity modifiers other than the polymer (2) of the invention,
including hydrogenated copolymers of styrene-butadiene, ethylene-propylene
copolymers, polyisobutenes, hydrogenated styrene-isoprene polymers,
hydrogenated isoprene polymers, polymethacrylate, polyacrylate, polyalkyl
styrenes, alkenyl aryl conjugated diene copolymers, polyolefins, and esters of
maleic anhydride-styrene copolymers. Conventional poly(meth)acrylate
polymers may be derived from monomers substantially the same as those
defined for the polymeric arms. However, the conventional poly(meth)acrylate
is generally free of a functional group selected from a halogen, an -O-N= group
and a —S-C(=8)- group. In one embodiment the polymer of the invention is
mixed with a conventional viscosity modifier.
[00135] The viscosity modifier other than polymer (a) of the invention may
be present at 0 wt % to about 15 wt %, or about 0.01 to about 12 wt %, or about
0,05 to about 10 wt %, or about 0.075 to about 8 wt % of the lubricating
composition.
[00136] The carboxylic acid or anhydride thercof may contain about 10 to
about 400, or about 20 to about 200, or about 30 to about 150 carbon atoms.
[00137] The carboxylic acid or anhydride thereof may be derived from a

polyolefin.  The polyolefin may be a homopolymer, copolymer, or
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(rnn2/s) 7.26 6.857 Shear Loss (9% 12.74 14.95 [00151] The

| ubricating conpositions are subjected to eval uation using ASTM

Met hod D433 200hve276@st eval uates the tendency of inhibi pegruRtoogicadso
oi | based steamturbine lubricants and antiwear hydraulic |ubricants
to corrode copper catalyst nmetal and to form sludge during operation
In the presence of water, oxygen, and copper and iron netals at an
el evated tenperature. The test duration is about 1000 hours at about

o o roc MO T B b RS T PR e

82.6 containing about 2 to about 16, or about 2 to about 8, or about 2 to about 6
carbon atoms. Often the polymerisable monomers comprise one or more of
propylene, isobutene, 1-butene, isoprene, 1,3-butadiene, or mixtures thereof.
[00138] In one embodiment the carboxylic acid or anhydride thereof, or
derivatives thereof comprises a succinic acid, anhydride thereof, or carboxylic
ester thercof.
[00139] In one embodiment the carboxylic acid or anhydride thercof
comprises a polyisobutylene succinic acid or anhydride thereof. A more
detailed description of a suitable carboxylic acid or anhydride thereof is
described in WO 93/03121, page 33, line 10 to page 37, line 20.
[00140] In one embodiment the carboxylic acid or anhydride thereof, or
derivatives thereof comprises the reaction product of dodecenyl succinic acid
with propylene oxide.
[00141] The carboxylic acid or anhydride thereof may be present in ranges
from 0 to about 3 wt %, or from about 0.0001 to about 3 wt %, or from about
0.001 to about 1 wt %, or from about 0.01 to about 0.5 wt % of the lubricating
composition.
[00142] Other performance additives such as foam inhibitors including
copolymers of ethyl acrylate and 2-ethylhexylacrylate and optionally vinyl
acetate; demulsifiers including trialkyl phosphates, polyethylene glycols,
polyethylene oxides, polypropylene oxides and (ethylene oxide-propylene
oxide) polymers; pour point depressants including esters of maleic anhydride-
styrene, polymethacrylates, polyacrylates or polyacrylamides;, and seal swell
agents including Exxon Necton-37™ (FN 1380) and Exxon Mineral Seal Oil
(FN 3200); and dispersant viscosity modifiers (often referred to as DVM)
include functionalised polyolefins, for example, ethylene-propylene copolymers
that have been functionalized with the reaction product of maleic anhydride and
an amine, a polymethacrylate functionalised with an amine, or styrene-maleic
anhydride copolymers reacted with an amine, may also be used in the

composition of the invention.
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80. 8 Copper

in Ol 144.7 140.4 Copper in Water 3 15.1 Copper in

Sl udge 10.8 27.45 Total Amount Copper 200 ng (max)
WO 2007/127663 PCT/US2007/066950

Industrial Application
[00143] The method of the invention is useful for lubricating a variety of

mechanical devices. The mechanical device comprises at least one of an
internal combustion engine (for crankcase lubrication), a hydraulic system, a
turbine system, a circulating oil system, an industrial oil system, a gear, a
gearbox, an automatic transmission or a manual transmission.

[00144] In different embodiments the mechanical device comprises at least
one of a hydraulic system, a turbine system, a circulating oil system, or an
industrial oil system.

[00145] The following examples provide illustrations of the invention. These
examples are non exhaustive and are not intended to limit the scope of the
invention.

EXAMPLES

[00146] Preparative Example 1 (Prep 1) is prepared in a vessel equipped with a

nitrogen inlet flowing at about 28.3 L/hr, medium speed mechanical stirrer, a
thermocouple and a water-cooled condenser is charged with about 80 g of Cyp s
alkyl methacrylate, about 20g of Methyl methacrylate, about 0.55 g of Trigonox -
21 (initiator), about 4.07 g of 2-dodecylsulphanylthiocarbonylsulphanyl-2-methyl-
propionic acid dodecyl ester (chain transfer agent) and about 48.2 g of oil. The
contents of the vessel are stirred under a nitrogen blanket for about 20 minutes to
ensure sufficient mixing. The nitrogen flow is reduced to about 14.2 L/hr and the
mixture is set to be heated to about 90 °C for about 3 hours. About 6.05 g of
ethylene glycol dimethacrylate is added to the vessel and the mixture is stirred at
about 90 °C for an additional about 3 hours. The resultant product is a mixture of
polymers and is then cooled to ambient temperature. The major product fraction is
characterised as having a weight average molecular weight of about 283,300 g/mol
and having a number average molecular weight of about 215,900 g/mol. The
polymer is believed to have at least 9 polymeric arms (containing about 80 wt % of
Ciz.15 alkylmethacrylate, about 20 wt % of methyl methacrylate) and the
conversion to a star polymer is 72 %, with 28 % uncoupled linear polymer chains.

[00147] Comparative Example 1 (CEl) is a linear polymethacrylate prepared

in a equipped with a nitrogen inlet flowing at about 28.3 L/hr, medium speed
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158.5 182.95 Copper Rating 1B 4A Steel Rating Bright Tarnished
[00152] The data obtained indicate that the |ubricating conpositions

of the inveys tpv1pEQvi de i nproved Ki nematic viscosity cp@fmgjooﬁﬁﬁﬁgg
| ower treat rate than a conparative exanpl e whil st maintaining the
appropriate |ubricating performance for a hydraulic system [00153]
Whil e the invention has been explained in relation to its various
enbodi nents, it is to be understood that various m)di fications

t hereof wi | 0 e Ki ' ri,u adJn

t he specifi ca%ghna%c"ilﬂ '%fr Qt[heth%?éo glset o%bée ﬁl%geéoq dt%ﬁsef %Dﬁ arge Wit

i nvention di sebons881.Mherdsfi @y, 5 alkylarceackytae, @bmrézmcgwoﬁ‘rmduhjzl mathb@plateas

fall within the scope of the appended clains. Wat is clained is:
about 110.9 g of oil, about 3.12 g of Trigonox™ 21 initiator and 3.12 g of n-dodecyl!

mercaptan. The contents of the vessel are shaken and mixed to ensure sufficient
mixing. About one-third of the vessel contents are transferred into another vessel
containing equipped with a mechanical overhead stirrer, water-cooled condenser,
thermocouple, addition funnel and nitrogen inlet. The contents of the vessel are

stirred for about 30 minutes under a nitrogen blanket (flow rate of about 28.3 L/hr.

The vessel is then heated to about 110 YC with a nitrogen flow rate of about 14.2
L/hr. After the reaction temperature reaches an exotherm peak, the remaining two-
thirds of the 2/3 of monomer mixture (from the first vessel) is added through the

addition funnel over a period of about 90 minutes, before cooling the vessel to about

110 °C until the end of reaction. The vessel is charged with about 0.2 g of
Trigonox™ 21 in about 1.8 g of oil and stirred for about one hour. This step is
repeated 3 more times. The contents of the vessel are stirred for about one hour
before cooling to ambient temperature. The resultant polymer is characterised as
having a weight average molecular weight of 36,600 g/mol and number average
molecular weight of 19,900 g/mol.

[00148] Hydraulic system lubricating compositions are prepared containing
the polymers of Prepl or CE1l, other additives and base oil. Lubricating
composition 1 (LC1) contains about 6.18 wt % of Prepl and further contains a
total of about 0.85 wt % of all other additives (i.e. a zinc containing antiwear
agent, a benzotriazole corrosion inhibitor, a naphthalene sulphonate, an
antioxidant, a phenate detergent, an antifoam agent, a dispersant and about 0.2
wt % of a polyacrylate pour point depressant). A reference lubricating
composition (RLC1) is the same as LC1; except the polymer of CE1 is used at
about 8.2 wt % and the base o1l is reduced accordingly.

[00149] The lubricating compositions are evaluated by determining the
kinematic viscosities at about 100°C and at about 40°C (by employing ASTM
method D445). The viscosity index (VI) is also determined by employing
ASTM method D2270. The results obtained are as follows:
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1. A lubricating conposition conprising: (a) 0.001 to 15w %
of a polynethacrylate polynmer with (i) a weight average nvol ecul ar

wei ght of {8QyfQ%p 700,000; and (ii) a shear stabili tpyrjyad@¥odbso30
to 60, wherein the polyner has radial or star architecture, and
wherein the pol ynethacrylate is derived froma nononmer conposition
consi sting essentially of: (a) 50 wt %to 100 wt % of an
al kyl nethacryl ate, wherein the al kyl group of the nethacryl ate has

12 to 15 carben—at-ons; HbY-6 x%ﬁe-%—w—%m—al—kﬁ'l
nmet hacryl ate, wherein t he eS| kyl group off the hacryl|at e to 9

carbon atong; amdnematic Viscosity at 160 °6 W [%t0 Khw % gf a niggogen
cogt aijni ng rononer ; (b) (RNt I wear agent; (p) a porrcs! on inhibitor;
an an Qi IRF: q Ay 2. Th ubriTarin
oot t 1 on |0 e e R R 2 BT Piry | e &30 to
90, or 30 tq 60. 3. THdsqoshy {ndski ng conpgsiti oA4df clailm 1 or33,
wherein the Tubricating conposition further conprises a conponent of
| i near pol yner chains. 4. The lubricating conposition of any one of
claims 1 to 300430k ity luhecaiime sompopisionds plap dBpiccicd S pligr afdetsimingd

tri-block, on ki icaRkQLKeaBhENhERGHM IRy test. The nshignentRIuAdh! Nbut 20
conposition 01y any one of clains 1 to 4, wherein the
hours with about 5000 N load, at about 140 °C and at about 1450 rpm. The

viscosity data obtained from the test is described in ASTM method D445, The

results obtained are:

Test LC1 RLC1

New Oil Kinematic Viscosity at 100 °C (mm?*/s) 8.32 8.062

After Test Kinematic Viscosity at 100 °C 7.26 6.857
(mm®*/s)

Shear Loss (%) 12.74 14.95

[00151] The lubricating compositions are subjected to evaluation using
ASTM Method D4310. The test evaluates the tendency of inhibited mineral oil
based steam turbine lubricants and antiwear hydraulic lubricants to corrode
copper catalyst metal and to form sludge during operation in the presence of
water, oxygen, and copper and iron metals at an elevated temperature. The test

duration is about 1000 hours at about 95 °C. The results obtained are as

follows:
D4310 Test Parameter Measured | Test Pass Limits 1C1 RLC1
Sludge Accumulation 100 mg (max) 82.6 80.8
Copper in Oil 144.7 140.4
Copper in Water 3 15.1
Copper in Sludge 10.8 27.45
Total Amount Copper 200 mg (max) 158.5 182.95
Copper Rating 1B 4A
Steel Rating Bright Tarnished
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polymer is derived from20 w % or nore of a nono-vinyl nononer.

6. The lubricating conposition of any one of clains 1 to 5, wherein
t he pol yne sned from RAFT or ATRP pol ynerisatio

7. The Iubrﬁ‘c’:%?wﬁrygdonpom tion of claim®6, wherein the P?ﬂﬁgz(rf)?’f?@?%u
obt ai ned from RAFT pol yneri sati on processes. 8. The | ubr| cati ng
conposition of any one of clains 1 to 7, wherein the polyner is
present at 0.01 to 12 wt % or 0.075 to 8 wt % of the |ubricating
conposi tion. | ubrj cating conposition of any one of

claims 1 to slO0AZk e.ThetdﬁEa arfeingd drdigye batcilhpgrbrisingcompasitiophef dhe
(i) a non-i OnhﬁemBft?z'idbslrﬁﬁﬁpwmnen(étfc)v@%sﬁ d%%trﬁ?lnt a Qbwhr treat drate

phosphorus conpound; “(iii1) amoni um salt of hosphor us conpoun
(iv) a nonovalbénta remakTaiab t exemple p‘ﬂn@bmﬁw@lmmmﬁhﬁ,u rupropriafey Jubricating
m xt ures of (bg orﬁ‘]ahze fo(rH'l-éranr £s g@t 10. The lubricating conposition
of any one of F \}\11'11 A the antiwear agent conprises a
met al di al kyl mOﬂEprNﬁsm&teelmentaomaalbeeh aklbdyinphospdahﬁﬁn to its variodsl.
The lubricati ng rrp05| tion o 1Q, e
antiwear agenf ]P Bllﬁg@eﬁtt Sat® % irs f“o"%“%s Woagwaﬁoﬁs%er%ft t“h

wt % of the |bﬁlbh&ahppagerﬁqmssd kleifled %2. tﬁb&trﬂ uh6i G@dduf% RO RPREidation.
of any one of _clainms 1 t , Wherein the corr.osion_ inhibitor
conprises at FedEPG HEISOtP b§ ‘B‘éiﬁ"zg&otdl th3tdhe dnvegtion disclosed herein 1s intended

2, 5- bi s(al kyl fodid+Rt Qhch ilno%ﬁ‘i’cahl?]h@gé @eﬁpl\ﬁthirl%le-rft%pla '-bqrth@%bbegﬁied claims.

corrp05|t|on of any one of claims 1 to 12, wherein
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corrosion inhibitor is present at 0.0001 wt %to 5w % or 0.0005 wt
%to 0.05 wt % of the lubricating conposition. 14.The |ubricating
conposition of any one of clainms 1 to 13 further conprises a
detergent, wherein the detergent conprises at |east one of a phenate,
a sul phuri sed phenate or a sul phonate. 15.The lubricating conposition
of cl ai WHa#,is ¢haned i5:t he sul phonate contai ns a napht hal ene ring.

16. The lubricating conposition of claim14, wherein the sul phonate
conpri ses at ll eas FhECHN HEONREHOD AABFISEA! ci um di nonyl napht hal ene

sul phonat e, | & lo, N t h dogdec
napht hal ene gaﬁ}l Rg{\négeﬁe%gl {'JI (t?;flrong %‘?ﬁ%@@bﬁ ﬁ@gﬁ%ﬁé’ﬂ lglngsis u?%?%‘ﬁaatvgfage
or mxt nmdaes:utahwe@i& of T2 b@0 th’h]O,@mt rnd) (D anghes stté.bi)l‘ltydﬁd@d @i 3tto 1o, wherein

or 16 erei.n the sul phonate is present at 0 to 3 W% 001 to 1.5
W % omhegpaiamen s saighorogar architecigrerrad lsraiR 41 R@lym%gﬂﬁedﬁ drived

any Oneﬁ‘afn & hitnghhet cBﬁg%gl’thi’r&%flﬁbtnné Qﬁehﬂ%ﬂﬁ GAting conposition
conprises: (a) 0.001 % of The pol ynethacryl ate pol yner; (b)

0.0001 wt %to 5 (@ %loftda tantGOwearbcagemt ali(yd)metho@@latet wietein Shavialkod
of a coy ro%%lo%hé pnb:'tlrlloalcg‘y afe l'ga%)IZOtoVXFS gé)rltac())n gto‘x’z\l'ts; %of a detergent; and
(b) O wt % to 40 wt % of an alkyl methacrylate, wherein the alkyl group
of the methacrylate has 1 to 9 carbon atoms; and
(c) 0wt % to 10 wt % of a nitrogen containing monomer;
(b) an antiwear agent;
(c) a corrosion inhibitor; and

(d) an oil of lubricating viscosity.

2. The lubricating composition of claim 1, wherein the shear stability index
is 20 to 90, or 30 to 60.
3. The lubricating composition of claim 1 or 2, wherein the lubricating

composition further comprises a component of linear polymer chains.

4, The lubricating composition of any one of claims I to 3, wherein the
polymer has a random, tapered, di-block, tri-block, or multi-block architecture.

5. The lubricating composition of any one of claims 1 to 4, wherein the
polymer is derived from 20 wt % or more of a mono-vinyl monomer.

6. The lubricating composition of any one of claims 1 to 5, wherein the
polymer is obtained from RAFT or ATRP polymerisation processes.

7. The lubricating composition of claim 6, wherein the polymer is obtained
from RAFT polymerisation processes.

8. The lubricating composition of any one of claims 1 to 7, wherein the
polymer is present at 0.01 to 12 wt %, or 0.075 to 8 wt % of the lubricating composition.

9. The lubricating composition of any one of claims 1 to 8, wherein the
antiwear agent comprises at least one of (i) a non-ionic phosphorus compound; (ii) an
amine salt of a phosphorus compound; (iii) ammonium salt of a phosphorus compound;
(iv) a monovalent metal salt of a phosphorus compound; or (v) mixtures of (i), (ii), (iii)
or (iv).
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(e) 87 wt %to 99.98 wt % of an oil of lubricating viscosity. 19.A
met hod for |ubricating a nmechanical device conprising a supplying to
t he mechani cal device a lubricating conposition, wherein the

nmechani cal vice.is hydraulic syste and wherein the |ubricat.in
Conposi t | onq@onpfﬁhge@%flﬁéﬂ%ﬁfﬂwml%ﬂa SoRBoOne| n°16¥m%lﬁyt°o§e vgerein the

cl ai ms yhtilkRardSent comprises a metal dialkyldithiophosphate or a metal dialkylphosphate.

11.  The lubricating composition of any one of claims 1 to 10, wherein the
antiwear agent is present at 0.0001 wt % to 5 wt %, or 0.1 wt % to 1 wt % of the
lubricating composition.

12. The lubricating composition of any one of claims 1 to 11, wherein the
corrosion inhibitor comprises at least one of a benzotriazoles, or a 2,5-bis(alkyl-dithio)-
1,3,4-thiadiazole,.

13.  The lubricating composition of any one of claims 1 to 12, wherein the
corrosion inhibitor is present at 0.0001 wt % to 5 wt %, or 0.0005 wt % to 0.05 wt % of
the lubricating composition.

14.  The lubricating composition of any one of claims 1 to 13 further
comprises a detergent, wherein the detergent comprises at least one of a phenate, a
sulphurised phenate or a sulphonate.

15.  The lubricating composition of claim 14, wherein the sulphonate contains
a naphthalene ring.

16. The Iubricating composition of claim 14, wherein the sulphonate
comprises at least one of at least one of calcium dinonyl naphthalene sulphonate,
calcium didecyl naphthalene sulphonate, didodecyl naphthalene sulphonate, calcium
dipentadecyl naphthalene sulphonate, or mixtures thereof.

17.  The lubricating composition of claims 14, 15 or 16 wherein the
sulphonate is present at 0 to 3 wt%, 0.001 to 1.5 wt %, or 0.01 to 0.75 wt %.

18.  The lubricating composition of any one of claims 1 to 17, wherein the
lubricating composition comprises:

(a) 0.001 to 15 wt % of the polymethacrylate polymer;

(b) 0.0001 wt % to 5 wt % of an antiwear agent;

(c) 0.0001 wt % to 5 wt % of a corrosion inhibitor;

(d) 0wt % to 3 wt % of a detergent; and

(e) 87 wt % to 99.98 wt % of an oil of lubricating viscosity.

19. A method for lubricating a mechanical device comprising a supplying to
the mechanical device a lubricating composition, wherein the mechanical device is a
hydraulic system, and wherein the lubricating composition comprises the lubricating

composition of any one of claims 1 to 18.
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